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Abstract:
The consequences of two different (but not mutually exclusive) models of chromosome transfer by Hfr
donors of E. coli have been examined experimentally. The finding that normal gene transfer can be
carried out by HfrtS undergoing thymineless death in the presence of submaximal concentrations of
thymine does not support the proposal that transfer depends on concurrent DNA synthesis. An attempt
to stimulate the fertility of Hfr cultures by bringing all the Hfr to the (hypothetical) point at which
transfer may be initiated by the use of chloramphenicol was unsuccessful. However, chloramphenicol
treatment was found to reduce the ability of Hfr cells to form both stable and unstable pairs. These
effects, and similar effects of phenethyl alcohol, have been traced to their action on donor-specific
surface structures known as F pili. The inhibition of gene transfer by the male—specific bacteriophage
MS-2, which is believed to attack the donor cell via its F-pili, supports the idea that these pili are the
corridors, or vehicles, of transfer. finally, an examination of the available experimental evidence
suggests that transfer may, in fact, be driven by processes associated with T-pili metabolism. 
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ABSTRACT

The c o n se q u e n c e s  o f  two d i f f e r e n t  ( b u t  n o t  m u tu a l ly  e x c lu s iv e )  
m odels  o f  chromosome t r a n s f e r  b y  H f r "d o n o rs  o f  E0 c b l i  hav e  b e e n  
exam ined  e x p e r im e n ta l ly 6 ' The f i n d i n g  t h a t  n o rm al gene  t r a n s f e r  can  
b e  c a r r i e d  o u t  b y  H f r t S u n d e rg o in g  th y m in e le s s  d e a th  i n  t h e  p re s e n c e  
o f  subm axim al c o n c e n t r a t io n s  o f  th y m in e  d o e s  n o t  s u p p o r t  th e  p r o p o s a l  
t h a t  t r a n s f e r  d e p e n d s  on c o n c u r r e n t  DNA s y n th e s i s *  An a t te m p t  t o  
s t i m u la t e  th e  f e r t i l i t y  o f  H f r  c u l t u r e s  b y  b r in g in g  a l l  t h e  H fr  to  
th e  ( h y p o th e t i c a l )  p o i n t  a t  w h ich  t r a n s f e r  may be  i n i t i a t e d  b y  th e  u s e  
o f  c h lo ra m p h e n ic o l  w as u n s u c c e s s f u l*  H ow ever5 c h lo ra m p h e n ic o l  t r e a t ­
m ent was fo u n d  t o  re d u c e  t h e  a b i l i t y  o f  H f r  c e l l s  t o  fo rm  b o th  s t a b l e  
and u n s t a b l e  p a i r s *  These e f f e c t s ,  and  s i m i l a r  e f f e c t s  o f  p h e n e t h y l  
a l c o h o l ,  h av e  b e e n  t r a c e d  t o  t h e i r  a c t i o n  on  d o n o r - s p e c i f i c  s u r f a c e  
s t r u c t u r e s  known a s  f  p i l i *  The i n h i b i t i o n  o f  gene t r a n s f e r  b y  t h e  
m ale—s p e c i f i c  b a c te r io p h a g e  M S-2, w h ich  i s  b e l i e v e d  t o  a t t a c k  th e  
d o n o r  c e l l  v i a  i t s  F - p i l i ,  s u p p o r t s  t h e  id e a  t h a t  th e s e  p i l l  a r e  th e  
C o r r id o r s 5 o r  v e h i c l e s ,  o f  t r a n s f e r *  f i n a l l y ,  an  e x a m in a tio n  o f  th e  
a v a i l a b l e  e x p e r im e n ta l  e v id e n c e  s u g g e s t s  t h a t  t r a n s f e r  m ay, i n  f a c t ,  
b e  d r iv e n  b y  p r o c e s s e s  a s s o c i a t e d  w i th  f - p i l i  m e ta b o lis m .



HTRODUC TION

The g e n e t i c  b a s i s  o f  s e x u a l  d i f f e r e n t i a t i o n  i n  E s c h e r i c h i a  c o l i  

i s  u n d e rs to o d  i n  some d e t a i l *  G e n e tic  e x ch an g e  i s  u n i d i r e c t i o n a l 5 

p ro c e e d in g  f ro m  d o n o rs  to  r e c i p i e n t s  d u r in g  c o n ju g a l  p a i r i n g  o f  th e  

c e l l s *  The d o n o r  p r o p e r ty  i s  a s s o c i a t e d  w i th  th e  p re s e n c e  i n  th e  

d o n o r  c e l l  o f  g e n e t i c  e le m e n ts  c a l l e d  p ro m o te rs  ( C la rk  and A d e lb e rg 5 

1962 )»  Among th e s e  t h e  m o st th o ro u g h ly  s tu d i e d  i s  th e  s e x  f a c t o r ,  F 5 

w h ic h  may b e  c y to p la s m ic  (F + t y p e s ) ,  h av e  a  chrom osom al l o c a t i o n  

( H f r  t y p e s ) ,  o r  a l t e r n a t e  b e tw e en  th e s e  s t a t e s  ( F 1) e I f  F  i s  a b s e n t  

th e  c e l l  i s  a  r e c i p i e n t  o n ly  (F“ ) ( J a c o b  and  W ollm an5 1961)*

G e n e t ic  in f o r m a t io n  i s  a l s o  a v a i l a b l e  on  th e  n a tu r e  o f  F  p ro ­

m oted  chromosome t r a n s f e r e The chromosome i n  a l l  s e x  types a p p e a r s  

t o  b e  c i r c u l a r *  D u rin g  c o n ju g a t io n  in v o lv i n g ,  f o r  e x a m p le , an  H fr  

and  F- ,  th e  H fr  chromosome i s  th o u g h t  to  b re a k  a t  a  p o i n t  a d ja c e n t  to  

F e The chromosome i s  th e n  p a s s e d  f ro m  th e  H f r  to  th e  F “  l e n g th w is e ,

■ s t a r t i n g  w i t h  a  p a r t i c u l a r  e n d , th e  o r ig in *  G enes l o c a t e d  a t  d i f f e r ­

e n t  d i s t a n c e s  f ro m  th e  o r i g i n  a r e  th u s  t r a n s f e r r e d  to  th e  F “  a t  d i f f e r ­

e n t  t im e s ,  and i n  a  se q u en c e  d e p e n d in g  on t h e i r  o r d e r  a lo n g  th e  chromo­

some » F i t s e l f  i s  t r a n s f e r r e d  l a s t ;  t h a t  i s ,  i t  i s  a t t a c h e d  t o  w h a t 

i s  now t h e  * t a i l 1 o f  th e  chromosome (B ouck and  A d e lb e rg , 1 9 6 3 ) e A 

b a s i c a l l y  i d e n t i c a l  s e q u e n c e  o f  e v e n ts  i s .  th o u g h t  to  o c c u r  d u r in g  F 

p ro m o ted  chrom osm al t r a n s f e r  b y  any d o n o r  ty p e *  " C o n ju g a tio n  tu b e s "  

th ro u g h  w h ic h  th e  chromosome may b e  t r a n s f e r r e d  hav e  b e e n  o b s e rv e d  

c o n n e c t i n g . c e l l s  o f  o p p o s i te  m a tin g  ty p e  u n d e r  th e  e l e c t r o n  m ic ro sc o p e e
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The p h y s io l o g i c a l  e v e n ts  n e c e s s a r y  f o r  t r a n s f e r s h o w ev er  ̂ a r e  

n o t  c l e a r .  I t  i s  known t h a t  th e  g e n e t i c  m a t e r i a l  i n  E* c o l i  and th e  

m a t e r i a l  t r a n s f e r r e d  d u r in g  c o n ju g a t io n  a r e  p re d o m in a n tly  DNA (J a c o b  

and W ollm an5 19585 G aren  and  S k a a r5 1 9 5 8 5 S i l v e r ,  1963)» E a r ly  w ork 

b y  F i s h e r  (1 9 5 7 ) was i n t e r p r e t e d  a s  show ing  t h a t  e n e rg y  p r o d u c t io n  by  

th e  d o n o r  c e l l s  o n ly  w as r e q u i r e d  f o r  t r a n s f e r ,  and t h a t  th e  s y n th e s i s  

o f  n e i t h e r  DNA5 HNA n o r  p r o t e i n  w ere  i n v o lv e d .  The f i r s t  o f  F i s h e r s s 

c o n c lu s io n s ,  w h ic h  w as b a s e d  on  e x p e r im e n ts  i n  w h ich  c e l l s  w ere  a e r a te d  

i n  b u f f e r  p r i o r  t o  m a tin g  t o  d e p le t e  t h e i r  endogenous e n e rg y  s o u r c e s ,  

h a s  b e e n  c r i t i c i z e d  by  C la rk  and A d e lb e rg  ( 1 9 6 2 ) ,  S in c e  a e r a t i o n  i n  

b u f f e r  may h a v e  o t h e r  e f f e c t s ,  t h e y  p o i n t  o u t ,  t h i s  c o n c lu s io n  do es  

n o t  f o l l o w  n e c e s s a r i l y .  E x p e r im e n ts  b y  F i s h e r  in v o lv in g  th e  u s e  o f  

d i n i t r o p h e n o l  an d  a n a e r o b ic  c o n d i t i o n s ,  h o w ev er, show e n e rg y  p ro d u c t io n  

b y  m a tin g  p a i r s  i s  n e c e s s a r y .  The se c o n d  o f  F i s h e r ’ s  c o n c lu s io n s  i s ,  

i n  p a r t ,  t h e  s u b j e c t  o f  th e  p r e s e n t  s tu d y .

M ost a t t e n t i o n  i n  th e  p a s t  h a s  b e e n  fo c u s e d  on th e  r o l e  o f  DNA 

s y n t h e s i s  ( o f t e n  e q u a te d  w i th  chromosome r e p l i c a t i o n )  i n  th e  t r a n s f e r  

p r o c e s s ,  and tw o m odels  o f  t r a n s f e r  h a v e  b e e n  p ro p o s e d . M odel I ,  

o r i g i n a t i n g  w i th  A , J ,  C la rk  (B ouck and A d e lb e rg , 1963) e n v is io n s  t h a t  

th e  b re a k  i n  th e  chromosome o c c u rs  a t  a  p a r t i c u l a r  t im e  i n  i t s  r e p l i ­

c a t i o n — a t  t h e  end  o f  w h a t h a s  b een  c a l l e d  th e  r e p l i c a t i o n  c y c l e .  One 

o f  th e  new p a i r  o f  chrom osom es i s  th e n  t r a n s f e r r e d  to  th e  F "  c e l l  by  

an  u n s p e c i f i e d  m echan ism . M odel 2 ,  d e v is e d  b y  Jaco b  and o t h e r s  ( 1963) ,  

p ro p o s e s  t h a t  t r a n s f e r  i s  d r iv e n  by  th e  r e p l i c a t i o n  p r o c e s s .  The d o n o r
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chromosome, ( h e r e  assum ed to  be  a  DNA d o u b le - h e l ix )  i s  r e p l i c a t e d  fro m  

th e  o r i g i n  b y  a n  enzym ic a p p a r a tu s  a s s o c i a t e d  m t h  F e F and i t s  a s ­

s o c i a t e d  " r e p l i c a t i o n  s y s te m "  a r e  f i x e d  a t  a  p o i n t  i n s i d e  t h e  c e l l  

w a l l  n e a r  th e  b a s e  o f  a  c o n ju g a t io n  tu b e  so  t h a t  th e  chromosome m ust 

move th ro u g h  t h i s  a p p a r a tu s  to  be  r e p l ic a te d ®  E a r ly  i n  c o n ju g a t io n  

th e  F sy s te m  o f  r e p l i c a t i o n  i s  a c t i v a t e d ,  and a s  r e p l i c a t i o n  b e g in s  

one o f  t h e  c o p ie s  i s  d i v e r t e d  i n t o  th e  c o n ju g a t io n  tube®  F u r th e r  

r e p l i c a t i o n  p u sh e s  t h i s  c o p y  th ro u g h  th e  tu b e  i n t o  t h e  r e c ip ie n t®  The 

tim e  a t  w h ic h  th e  chrom osome b r e a k s  i s  n o t  c l e a r l y  s p e c i f i e d ,  b u t  to  

b e  c o n s i s t e n t  w i th  th e  m odel i t  w ou ld  h av e  to  o c c u r  b e f o r e ,  o r  a s ,  th e  

c o n ju g a l  r e p l i c a t i o n  beg ins®

These m odels  d i f f e r  m o st c l e a r l y  i n  th e  r e l a t i o n s h i p s  th e y  p ro ­

p o se  b e tw e e n  DNA s y n th e s i s  and th e  t r a n s f e r  p rocess®  On M odel I ,  DNA 

s y n th e s i s  i s  r e q u i r e d  t o  co m p le te  chrom osom e r e p l i c a t i o n  p r i o r  t o  t r a n s ­

f e r ,  b u t  may n o t b e  n e c e s s a r y  d u r in g  th e  t r a n s f e r  p r o c e s s  i t s e l f ®  On 

M odel 2 , c o n c u r r e n t  DNA s y n th e s i s  i s  n e c e s s a r y  f o r  t r a n s fe r ®  M odel I  

a l s o  p r e d i c t s  a  u n iq u e  tim e  i n  t h e  c e l l  d i v i s i o n  c y c le  d u r in g  w h ich  

chromosome t r a n s f e r  may b e  i n i t i a t e d — th e  p e r io d  b e tw een  th e  en d  o f  

one DNA r e p l i c a t i o n  and  th e  s t a r t  o f  ano ther®  T b is  f e a t u r e  may be  

accom m odated to  M odel 2 ,  b u t  i s  n o t  r e q u i r e d  b y  it®

The r e s u l t s  o f  a t t e m p ts  to  t e s t  t h e s e  m odels u s in g  t r e a tm e n ts  

w h ic h  i n h i b i t  DNA s y n th e s i s  a r e  a p p a r e n t l y  c o n tr a d ic to ry ®  Bouck and 

A d e lb e rg  ( 1963)  p e rfo rm e d  an  e x p e r im e n t w h ic h  i s  c o n s i s t e n t  w i th  th e  

e x i s t e n c e  o f  a  p a r t i c u l a r  tim e  i n  t h e  DNA r e p l i c a t i o n  c y c le  d u r in g
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w h ich  t r a n s f e r  i s  i n i t i a t e d ®  Ja c o b  and c o -w o rk e rs  (1 9 6 3 ) o f f e r  e v i ­

d e n ce  t h a t  i t  i s  not® The e x p e r im e n ts  o f  R o e s e r  and K o n e tz k a  ( 1964) 

w ere  i n t e r p r e t e d  a s  c o n s i s t e n t  w i th  b o th  m o d e ls , b u t  t h e i r  i n t e r p r e t s -  . 

t i o n  seem s t o  be  i n c o n s i s t e n t  w i th  c e r t a i n  a s p e c t s  o f  t h e i r  own r e ­

s u l t s  o R e a s s u r in g ly ,  a l l  o f  t h e s e  i n t e r p r e t a t i o n s  a r e  open  t o  o b je c ­

tio n s®  F o r  ex am p le , p h e n e t h y l  a lc o h o l  (PEA) h a s  b e e n  u s e d  to  i n h i b i t  

DM  s y n th e s i s  ( Bouck and A deT berg , Ja co b  e t  a l® , R o e se r  and  K o n e tz k a ) , 

b u t  i t  a f f e c t s  RNA a n d , i n d i r e c t l y ,  p r o t e i n  s y n th e s i s  a s  w e l l  (Nonoyama 

and  I k e d a , . 19645 T r e ic k  and  K o n e tz k a , 19643 R oserik ranz  and o t h e r s ,

1965)® F u r th e rm o re ,  a s  a l r e a d y  i n d i c a t e d ,  t h e s e  m odels a r e  n o t  mutu­

a l l y  ..e x c lu s i v e „ I t  c o u ld  b e  t h a t . DNA s y n th e s i s  i s  n e c e s s a r y  f o r  t r a n s -  

f e r ,  b u t  t h a t  s u c h  s y n th e s i s  m u st b e  i n i t i a t e d  a t  a  p a r t i c u l a r ,  t im e  .in  

th e  c e l l  d i v i s i o n ,  o r  chromosome r e p l i c a t i o n ,  cycle®

. Our own e x p e r im e n ts  w ere  .a im e d ,'a t t e s t i n g  th e  d ep en d en ce  o f  

t r a n s f e r  on c o n c u r r e n t  DNA s y n th e s i s ,  b y  d e p r iv in g  H fr  c e l l s  o f  th y m in e ' 

d u r in g  c o n ju g a t io n ,  and  th e  e x i s t e n c e  o f  a  u n iq u e  tim e  o f ' i n i t i a t i o n  

o f  t r a n s f e r  b y  th e  u s e  o f  t r e a tm e n t s  w h ich  m ig h t s y n c h ro n iz e  c e l l  d i ­

v i s i o n  o r  DNA r e p l i c a t io n ®  T h e s e ' hhve l e d ,  u n e x p e c te d ly ,  t o  th e  

r e c o g n i t i o n  o f  t h e  im p o r ta n c e  o f  d o n o r - s p e c i f i c  s u r f a c e  s t r u c t u r e s  

known a s  F - p i l i  ( B r in to n  e t  a l® , 1 9 64 ) i n  c o n ju g a t io n ,  and t o  f u r t h e r  

e x p e r im e n ts  a im ed  a t  u n d e r s ta n d in g  F - p i l i  fu n c tio n ®

i



MATERIALS AND METHODS

B a c t e r i a l  and b a c te r io p h a g e  s t r a i n s

The b a c t e r i a l ' s t r a i n s  u s e d  w ere  d e r i v a t i v e s  o f  E s c h e r i c h i a  c o l i  

K -1 2 . MSG 603 i s  a  th y m in e le s s  d e r i v a t i v e  o f  CS I O l5 w h ic h  i s  i t s e l f  

a  d e r i v a t i v e  o f  t h e  C a v a l l i  H fr  s t r a i n  ( H f r  0 ;  C a v a l l i 5 1 9 5 0 )o MSC 603 

th u s  r e q u i r e s  th y m in e  and m e th io n in e ,  f e r m e n ts  l a c t o s e ,  an d  i s  s t r e p ­

to m y c in  s e n s i t i v e .  ¥ 1 1 7 7  i s  a  m u lt ip ly -m a rk e d  K12 d e r i v a t i v e  v i a  T53 

( L e d e r b e rg ,  1 9 4 7 ) .  I t  r e q u i r e s  t h r e o n i n e ,  l e u c i n e  and  th ia m in e ,  d o es  

n o t  f e rm e n t  l a c t o s e  and  i s  s t r e p to m y c in  r e s i s t a n t .

M S-2, a  d o n o r  s p e c i f i c  b a c te r io p h a g e ,  w as d o n a te d  b y  D r . A. J .

C la r k .

M edia and  su p p le m e n ts

F i n a l  c o n c e n t r a t io n s  a r e  g iv e n  a s  g r a m s / l i t e r  o f  d i s t i l l e d  w a te r  

u n l e s s  o th e r w is e  i n d i c a t e d .  M edia w ere  s t e r i l i z e d  i n  an  a u to c la v e  a t  

18  pounds p r e s s u r e  f o r  20-25  m in u te s .

N u t r i e n t  A g a rs D ifc o  N u t r ie n t  B ro th  8 ,  NaCl 5 , a g a r  1 5 .

P e n n a ssa y  B ro th  (P B ): B a c to -B e e f  E x t r a c t  1 - 5 j B a c to -Y e a s t  Ex­

t r a c t  1 .5 , .  B a c to -P e p to n e  5 ,0 ., B a c to -D e x tro s e  1 .0 ,  NaCl 3 .5 ,  EqHPO/ 3 .6 ,  

KH2PO4  1 . 3 .

E o s in  M eth y len e  B lu e  A gar (EMB); B a c to -C a s i to n e  8 . 0 ,  Y e a s t  Ex­

t r a c t  1 . 0 ,  NaCl 5 .0 ,  K2HPO4  2 .0 ,  E o s in  Y 0 . 4 ,  M ethy lene  b lu e  0 .0 6 5 ,  

s u g a r  10 . 0 ,  a g a r  1 5 . 0 .

D a v is  M in im al A gar (DMA); K2HPO4  7 . 0 ,  KH2PO4  2 .0 ,  c r y s t a l l i n e  

sod ium  c i t r a t e  0 . 5 ,  c r y s t a l l i n e  MgSO4  0 . 1 ,  c r y s t a l l i n e  (NH4 ) 3SO4  1 .0 ,
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s u g a r  I 6O9 a g a r  15®0o The s a l t s  w ere  added  t o  500 ml o f  w a te r  and 

s t e r i l i z e d ®  I f  t h e  s u g a r  added  was g lu c o s e 9 i t  and  th e  a g a r  w ere  added  

t o g e t h e r  t o  500 m l o f  w a te r  and m ixed  w i th  th e  s a l t  s o l u t i o n  a f t e r  

s t e r i l i z a t i o n *  Xf th e  s u g a r  added  w as I a c t o s e 9 th e  a g a r  w as added  to  

490 m l o f  w a te r  a lo n e  and s t e r i l i z e d ;  w h i l e  one gram  o f  l a c t o s e  was 

d i s s o lv e d  i n  10 m l o f  s t e r i l e  w a te r  and add ed  t o  th e  a g a r  a f t e r  s t e r i ­

l i z a t i o n .

S a l i n e ; NaGl 8*6 .

S tre p to m y c in  ( D ih y d ro -s tr e p to m y c in  s u l f a t e ) :  250 mg/ml.

A m in o p te r in  (AM): As p a r t  o f  th e  p ro c e d u re  f o r  i s o l a t i n g  thym ine­

l e s s  m u ta n ts  AM was added  t o  c e r t a i n  c u l t u r e s  to  g iv e  a  f i n a l  c o n c e n tra ­

t i o n  o f  0*2 m g/m l.

T r i s - g lu c o s e  M in im al Medium (T G ): NaGl 5*4 , ECL 3 * 0 , NH^Gl I 6I 9

GaGl2 O8O l l 9 MgCl2 0 .095, X eG l3 0*00162 , EH2PO4  0 .0872, Na2SO4  0 .0227, 
T r i s  (h y d ro x y m e th y l) aminometh a n e  1 2 .1 »  The pH w as a d ju s t e d  to  7 .2  

w i th  c o n c e n t r a te d  HGl and  t h e  s o l u t i o n  s t e r i l i z e d  ( T ) 8 J u s t  b e f o r e  

u s in g ,  9 p a r t s  w ere  m ixed  w i th  I  p a r t  s t e r i l e  g lu c o s e  s o l u t i o n  c o n ta in ­

in g  2 0 .0  g r a m s / l i t e r  g lu c o s e . .

TG*: TG su p p le m e n te d  w i th  th y m in e , m e th io n in e ,  t h r e o n i n e ,  l e u ­

c in e  and th ia m in e .

Growth f a c t o r s : The f o l lo w in g  w ere  added  to  DMA o r  TG when r e ­

q u i r e d :  m e th io n in e  0 .0 2 ,  thym ine  o r  th y m id in e  0 .0 2 ,  t h r i o n i n e  0 . 04 ,

l e u c i n e  0 .0 2 ,  th ia m in e  0 .0001»

I n h i b i t o r s : To i n h i b i t  c o n ju g a t io n  th e  f o l lo w in g  w ere  added  to
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l i q u i d  m ed ia  to  g iv e  th e  f i n a l  c o n c e n t r a t io n s  i n d i c a t e d :  c h lo ra m p h e n ic a l

(CAP) 0 o05  m g/m l5 p h e n e t h y l  a lc o h o l  (PEA) O03^=

S to ra g e  o f  b a c t e r i a l  and  b a c te r io p h a g e  s t r a i n s  and p r e p a r a t i o n  o f  w o rk in g  

c u l t u r e s  and  l y s a t e s

B a c t e r i a l  s t r a i n s * B a c t e r i a l  s t r a i n s  w ere  s to r e d  on  n u t r i e n t  

a g a r  s l a n t s  a t  4 °  C and t r a n s f e r r e d  e v e ry  few  months© The t r a n s f e r  

a lw a y s  in c lu d e d  s i n g l e  c o lo n y  i s o l a t i o n  and t e s t s  f o r  th e  r e l e v a n t  

g ro w th  r e q u i r e m e n ts „

In  some c a s e s — when a  p a r t i c u l a r  s t r a i n  was to  b e  u s e d  d a i l y ,  

o r  to  b e  a b le  to  o b s e rv e  i n d i v i d u a l  c o lo n y  m orphology  o f  th y m in e le s s  

m u ta n ts — s t r a i n s  w ere  s t r e a k e d  fro m  th e s e  s l a n t s  o n to  n u t r i e n t  a g a r  

p l a t e s  and l i q u i d  c u l t u r e s  i n o c u la te d  b y  p ic k in g  p a tc h e s  o f  d e n se  

g ro w th  o r  many c o lo n ie s *  A l l  o t h e r  i n o c u l a t i o n s  w ere  made d i r e c t l y  

fro m  th e  s to c k  s l a n t s .

U n le s s  s t a t e d  o th e r w is e  c u l t u r e s  w e re  in c u b a te d  a t  37° C*

P e n n a s sa y  b r o th  c u l t u r e s  w ere  grown o v e r n ig h t  (1 2 -1 6  h rs® )«  Log p h ase  

c u l t u r e s  i n  t h i s  medium w ere  o b ta in e d  b y  d i l u t i n g  1 /1 0 -1 /2 0  fro m  ah 

o v e r n ig h t  c u l t u r e  and  in c u b a t in g  9 0 -1 2 0  m in u te s*  O v e rn ig h t  TC c u l t u r e s  

w ere  s t a r t e d  fro m  a  h e a v ie r  in o cu lu m  and in c u b a te d  lo n g e r  (1 6 -2 0  h r s « ) ,  

th e  e x a c t  t im e  d e p e n d in g  on th e  p a r t i c u l a r  b a tc h  o f  medium* Log p hase  

TG c u l t u r e s  w ere  a l s o  s t a r t e d  b y  1 /1 0 - 1 /2 0  d i l u t i o n  fro m  an  o v e rn ig h t  

c u l t u r e ,  b u t  n eed ed  to  b e  in c u b a te d  3 - 5  h o u r s ,  d e p e n d in g  on th e  p a r t i ­

c u l a r  e x p e r im e n t o r  th e  b a tc h  o f  medium® F o r  u s e  i n  c o n ju g a t io n  ex ­

p e r im e n ts  i n  TC* m edium , F “  c u l t u r e s  w ere  r o u t i n e l y  grown t o  l a t e  lo g
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o r  e a r l y  s t a t i o n a r y  p h a se  t o  m axim ize th e  y i e l d  o f  v i a b l e  c e l ls ®  T h is  

p ro c e d u re  h a s  no a p p a re n t  e f f e c t  on F -  f e r t i l i t y .

B a c te r io p h a g e  t e c h n iq u e s .  Phage l y s a t e s  w ere  o b ta in e d  b y  th e  

m ethod d e s c r ib e d  b y  Adams (1959)®  A f t e r  c o l l e c t i o n ^  th e  phage  su sp en ­

s io n s  w ere  c e n t r i f u g e d  t o  rem ove c e l l s 3 and  th e  s u p e rn a te  d e c a n te d  and 

t r e a t e d  w i th  c h lo ro fo rm . The s u p e rn a te  was a g a in  p o u re d  o f f  and in c u ­

b a te d  i n  a n  o p en  p e t r i  d i s h s o r  a e r a te d  f o r  a  s h o r t  t im e 5 t o  remove 

th e  re m a in in g  c h lo r o f o rm . The f i n a l  l y s a t e  was s to r e d  a t  4 °  0 ,

L y s a te s  w ere  a s s a y e d  b y  th e  a g a r - l a y e r  m ethod a t  a p p r o p r i a t e  

d i l u t i o n s  on n u t r i e n t  a g a r .

P hage  a d s o r p t io n  was m easu red  b y  a d d in g  phage to  an  e x c e s s  o f 

c e l l s  i n  a  g row ing  c u l t u r e  and  f o l lo w in g  th e  d e c re a s e  i n  p la q u e  form r­

in g  u n i t s  a s  d e t a i l e d  b y  Adams: th e  c u l t u r e  was d i l u t e d  100 f o l d

i n t o  c o ld  medium to  s to p  a d s o r p t io n .  T hese d i l u t i o n s  w ere  th e n  cen ­

t r i f u g e d  t o  se d im e n t th e  c e l l s ,  and t h e n  a s sa y e d  by  p l a t i n g  0 ,1  ml o f 

th e  s u p e r n a te  w i th  0 ,1  m l o f  an  o v e r n ig h t  c u l t u r e  o f  MSG 603 u s in g  th e  

to p  l a y e r  m eth o d .

I s o l a t i o n  o f  th y m in e le s s  m u ta n ts

T h y m in e less  m u ta n ts  w ere  i s o l a t e d  b y  th e  g e n e r a l  m ethod o f  

Okada e t  a l ,  ( 1 9 6 2 ) ,  D ense c u l t u r e s  i n  TG medium and th y m id in e  w ere 

p r e p a re d  b y  a e r a t i o n  f o r  16 h o u rs  a f t e r  i n o c u l a t i o n  f ro m  an  o v e rn ig h t  

c u l t u r e .  These w ere  t h e n  d i l u t e d  1 /5 0 0  i n t o  th e  same medium la c k in g  

th y m in e  and c o n ta in in g  0 ,2  mg/ml a m in o p te r in  and a e r a te d  f o r  24 h o u r s .  

I f 3 a t  th e  end o f  t h i s  t im e 3 th e  c u l t u r e s  w e re  t u r b i d ,  th e y  w ere
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d is c a r d e d *  I f j, h o w ev er, t h e r e  was no v i s i b l e  g ro w th , 0*5  m l o f  thym ine 

( 2  m g/m l) was added  t o  5 m l o f  th e  c u l t u r e  and  in c u b a t io n  c o n tin u e d  f o r  

4 8  to  72 h o u rs  more* These f i n a l  c u l t u r e s  w ere  s t r e a k e d ,  o r  d i l u t e d  

and  p l a t e d ,  on n u t r i e n t  a g a r  and in c u b a te d  u n t i l  c o lo n ie s  ap p e a re d *

T h y m in e less  c o lo n ie s  o f  MSC 603 c o u ld  b e  re c o g n iz e d  im m e d ia te ly  

b y  a  c h a r a c t e r i s t i c  ? t h i n 1,  o r  t r a n s l u c e n t ,  a p p e a ra n c e  on n u t r i e n t  

a g a r  ( O kada e t  a l * ,  1962) ,  and w ere  t e s t e d  f o r  t h e i r  thym ine  re q u ire m e n t  

b y  p ic k in g  and s t r e a k i n g ,  o r  s p o t t i n g ,  on  m in im a l medium c o m p le te  f o r  

t h i s  s t r a i n  ( i » e e ,  l a c k in g  o n ly  th y m in e )*  The t h i n  c o lo n y  p h e n o ty p e  

w as l o s t  i n  th e  c o u rs e  o f  r e p e a te d  t r a n s f e r s ,  b u t  no a t te m p t  t o  s tu d y  

t h i s  phenomenon h a s  b e e n  made*

M a tin g  p ro c e d u re s

M a tin g s  to  d e te rm in e  th e  f e r t i l i t y  o f  MSC 603 u n d e r  d i f f e r e n t  

c o n d i t io n s  and  t o  f o l lo w  th e  k i n e t i c s  o f  t r a n s f e r  o f  c e r t a i n  m ark e rs  

w ere  p e rfo rm e d  b y  th e  m ethod d e v e lo p e d  b y  de  Haan and G ross  (1 9 6 2 )*  

L o g -p h a se  H fr  c u l t u r e s  and  F -  c u l t u r e s  w ere  m ixed  to  g iv e  c o n c e n t r a t io n s  

o f  1 -2  x  10^ H fr / 2 - 4  x  IO ^ 'F" p e r  m lj when u s in g  P e n n a s sa y  b r o th  c u l ­

t u r e s  th e  H f r  w as s im p ly  d i l u t e d  1 /1 0  i n t o  an  a l i q u o t  o f  th e  F “  c u l ­

tu r e *  When u s in g  TG-fr m edium , a l i q u o t s  o f  th e  F "  w ere  c e n t r i f u g e d  and 

th e  p e l l e t s  r e s u s p e n d e d  w i th  an a p p r o p r i a t e  volum e o f  H fr  c e l l s  a t  

2 x  1 0 ^ /m l to  i n i t i a t e  th e  m a tin g *  T h is  p ro c e d u re  w as f o l lo w e d  to  

a v o id  u s in g  H f r  c u l t u r e s  w h ic h  h a d  gone o u t  o f  l o g  phase*

A f te r  m ix in g , t h e  c u l t u r e s  w ere in c u b a te d  f i v e  m in u te s  to  a l lo w  

th e  c e l l s  to  p a i r  and  th e n  d i l u t e d  to  s to p  f u r t h e r  p a ir in g ®  C u l tu re s
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m ated  i n  TG-::- medium w ere  d i l u t e d  100 f o l d  i n t o  th e  same m edium . Cul­

t u r e s  m ated  i n  P e n n a s sa y  b r o t h  w ere  d i l u t e d  i n t o  10“ ^  PB (PB d i l u t e d  

1 /1 0 0  w i th  s a l i n e ) .  D epend ing  on th e  experim ent* , sa m p le s  w ere  rem oved 

fro m  th e  d i l u t e d  c u l t u r e s  e i t h e r  a t  f i v e  m in u te  i n t e r v a l s 5 o r  a t  30 o r  

60 m in u te s  to  a s s a y  re c o m b in a n ts^  a n d 5 i n  some cases*, v i a b l e  c e l l s .

R eco m b in an ts  w ere  a s s a y e d  b y  s p r e a d in g  0 ,1  ml sa m p le s  o f  th e  

d i l u t e d  c u l t u r e  on a p p r o p r i a t e ly  su p p le m e n te d  DM/U ! h e r e  I a c + t r a n s f e r  

w as m easu red  th e  p l a t e s  l a c k e d  g lu c o s e ,  and  w e re  su p p le m e n te d  w i th  l a c ­

t o s e  <, t h r e o n i n e ,  l e u c in e  and thiam ine® . W here I e u + t r a n s f e r  w as m easu red  

th e  p l a t e s  c o n ta in e d  g lu c o s e  and w ere  su p p le m e n te d  w i th  l e u c i n e  and 

th ia m in e .  I n  a l l  c a s e s  s t r e p to m y c in  was added  to  k i l l  t h e  d o n o r  c e l l s  

and  p r e v e n t  f u r t h e r  t r a n s f e r .

Sam ples rem oved fro m  m a tin g  c u l t u r e s  a r e  u s u a l l y  b le n d e d  i n  a  

h ig h  sp e e d  m ix e r  b e f o r e  p l a t i n g .  T h is  t r e a tm e n t  i s  th o u g h t  t o  b e  n e c e s ­

s a r y  to  s e p a r a te  m a tin g  p a i r s  and p r e v e n t  t r a n s f e r  fro m  b e in g  co m p le ted

on  th e  p l a t e s  b y  th o s e  p a i r s  w h ich  h a v e  n o t  c o m p le te d  i t  a t  t h e  tim e
. ..

o f  s a m p lin g . I n  o u r  own e x p e r im e n ts  b le n d in g  h a s  n o t  b e e n  u s e d ,  s in c e  

i t  w as fo u n d  to  b e  p o s s ib l e  to  o b t a i n  i d e n t i c a l  k i n e t i c s  w i th  o r  w ith ­

o u t  it®  The o n ly  d i f f e r e n c e  b e tw een  th e  d a t a  o b ta in e d  i n  th e  two s i t ­

u a t i o n s  i s  t h a t  w i th o u t  b le n d in g 5 a  few  ’b a c k g ro u n d 1 c o lo n ie s  may be  

s e e n  on  p l a t e s  made a t  t im e s  b e f o r e  th e  m a rk e r  b e in g  s e l e c t e d  e n t e r s .

I t  a p p e a r s  t h a t  th e  s p r e a d in g  o f  th e  sa m p le s  and  th e  p re s e n c e  o f  s t r e p ­

to m y c in  on  th e  p l a t e s  com bine to  p r e v e n t  t r a n s f e r  i n  g r e a t e r  th a n  90.% 

o f  th e  p a i r s  p l a t e d  a t  su c h  t im e s .



EESULTS

The -e f f e c t s  o f  th y m in e  d e p r i v a t i o n  upon  c o n ju g a t io n

E f f e c t s  on 60 m in u te  re c o m b in a n t y i e l d a I n  th e  a b se n c e  o f  th y ­

m ine th e  am ount o f  DNA made by  th y m in e - r e q u i r in g  s t r a i n s  o f  E 0 c o l l  i s  

s m a l l  ( E a rn e r  and Cohen5 1 9 5 6 ; K orn  and  W e isb a ch 5 1 962 ; Seno and  M ele- 

c h e n 5 1964)»  In  a d d i t i o n  t h e r e  i s 5 t y p i c a l l y ,  a  3 0 -60  m in u te  l a g  b e ­

f o r e  t h e  c e l l s  s t a r t  t o  d i e ,  w h e re a s  DNA s y n th e s i s  p ro c e e d s  a t  i t s  new 

and lo w e r  r a t e  fro m  tim e  zero® I f  t r a n s f e r  d e p en d s  on c o n c u r r e n t  DNA 

s y n th e s i s  i t  m ig h t th e n  b e  p r e d i c t e d  t h a t  th e  f e r t i l i t y  ( t h e  num ber o f  

c e l l s  a b le  to  t r a n s f e r  a  g iv e n  gene m easu red  u n d e r  some s ta n d a r d  s e t  

o f  c o n d i t i o n s )  o f  an  H fr  c u l t u r e  u n d e rg o in g  th y m in e  d e p r i v a t i o n  would, 

d e c a y  f a s t e r  th a n  c e l l  v i a b i l i t y ®  T h is  assum es DNA s y n th e s i s  i n  th e  

d o n o r c e l l s  i s  n o t  r e s t o r e d  i n  some way (e® g«5 b y  f e e d in g )  upon  m ix in g  

w i th  th e  F-  c e lls ®

To t e s t  t h i s  p r e d i c t i o n ,  e x p e r im e n ts  d e s ig n e d  to  m easu re  th e  

d e c a y  o f  f e r t i l i t y  o f  ,MSC 603 i n  th e  a b s e n c e  o f  thym ine  w ere  p e rfo rm e d  

a s  f o l l o w s ;  A lo g - p h a s e  c u l t u r e  o f  MSG 603 i n  TC* w as w ashed  tw ic e  by  

c e n t r i f u g a t i o n ,  r e s u s p e n d e d  i n  th e  same medium la c k in g  o n ly  th y m in e , 

and in c u b a te d  a t  37° 0® Sam ples w ere  rem oved a t  30 m in u te  i n t e r v a l s ,  

d i l u t e d  i n  s a l i n e ,  and s p re a d  on  n u t r i e n t  a g a r  t o  m easu re  v i a b l e  c e lls ®  

A t th e  same t im e s  sa m p le s  w ere  rem oved and m ated  w i th  W1177 grown i n  

th e  same medium to  d e te rm in e  r e l a t i v e  f e r t i l i t y ®  M ating  c u l t u r e s  i n  

TC* l a c k in g  thym ine  w ere  p re p a re d  a s  d e s c r ib e d  i n  M a te r ia l s  and Methods® 

Sam ples (0®1 m l)  w ere  rem oved a f t e r  one h o u r  and  p l a t e d  d i r e c t l y  on
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a p p r o p r i a t e l y  su p p le m e n te d  DMA to  s c o re  I a c + recom binan ts®  H iu s9 th e  

c r i t e r i o n  o f  f e r t i l i t y  i n  t h e s e  e x p e r im e n ts  i s  th e  num ber o f  I a c + r e ­

c o m b in a n ts  fo rm ed  a f t e r  60 m in u te s  o f  m ating®  By t h i s  t im e  th e  num ber 

o f  t h e s e  re c o m b in a n ts  h a s  r e a c h e d  i t s  maximum Value9 a s  w i l l  b e  s e e n  i n  

s u b s e q u e n t  experim en ts®

H le r e s u l t s  o f  a  t y p i c a l  e x p e r im e n t a r e  g iv e n  i n  F ig u r e  1» Two 

f e a t u r e s  o f  th e  r e s u l t s  a r e  im m e d ia te ly  a p p a r e n t ;  ( l )  U n e x p e c te d ly 9 

f e r t i l i t y  seem s to  b e  en h an ced  i n i t i a l l y ,  ( 2 )  The r a t e  o f  f e r t i l i t y  

d e c a y  a p p e a rs  t o  be  l e s s  th a n  th e  r a t e  o f  th y m in e le s s  d e a th .

The f i r s t  f e a t u r e  h a s  b e e n  found  t o  b e  an  a r t i f a c t  o f  th e  w ash in g  

p rocedure®  The e f f e c t  o f  t h i s  p ro c e d u re  i n  r e d u c in g  f e r t i l i t y  and th e  

r e c o v e r y  o f  f e r t i l i t y  a f t e r  th e  f i n a l  r e s u s p e n s io n  i s  shown i n  T ab le  l a .  

The e x p e r im e n t  w as p e rfo rm e d  a s  d e s c r ib e d  above e x c e p t  t h a t  an  a d d i-

t i o n a l  sam p le  ^ a s  rem oved j u s t  b e f o r e  W ash ing9 and o n ly  tw o ' sam p les  

w ere  ta k e n  a f t e r  r e s u s p e n s io n — one im m e d ia te ly  and th e  o th e r  a f t e r  o n e • 

hour® I t  can  b e  s e e n  t h a t  t h e  f e r t i l i t y  w as re d u c e d  to  o n e - t h i r d  o f 

i t s  o r i g i n a l  v a lu e  b y  w a s h in g 9 b u t  r e tu r n e d  t o  t h i s  v a lu e  a f t e r  one 

h o u r  o f  in c u b a tio n ®  The r e s u l t s  o f  a  se co n d  e x p e r im e n t r e c o r d e d  i n  

T a b le  Ib  show t h a t  th e  f a l l  . i n  f e r t i l i t y  i s  due o n ly  t o  c e n t r i f u g a t i o n  

and  r e s u s p e n s io n  and  n o t  some o t h e r  a s p e c t  o f  th e  w a sh in g  p ro c e d u re ® "

A lo g - p h a s e  c u l t u r e  o f  MSG 603 i n  TG* w as c e n t r i f u g e d  and  re s u s p e n d e d  

tw ic e  i n  th e  same medium® The c e n t r i f u g a t i o n  w as p e rfo rm e d  i n  an  i n ­

c u b a to r  room  w i th  a l l  m a t e r i a l s  at- 3 6 -3 7 °  Ge Sam ples w ere  rem oved to  

m easu re  f e r t i l i t y  and  a s s a y  v i a b l e  c e l l s  b e f o r e  and a f t e r  e a c h
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FERTILE CELLS

V IA B L E  CELLS

30 60 90 120 150
MINUTES OF THYMINE DEPRIVATION

F ig u re  I*  D ecay o f  v i a b i l i t y  and f e r t i l i t y  o f  a  d o n o r s t r a i n  d u r in g  
thym ine  d e p r i v a t i o n .  Log p h a se  MSG 603 w ere  d e p r iv e d  o f  thym ine  a t  
t im e  0 .  A t i n t e r v a l s ,  sa m p le s  w ere  rem oved to  m easu re  v i a b l e  c e l l s  
and f e r t i l i t y .  " F e r t i l e  c e l l s "  w ere  th o s e  w h ich  y i e ld e d  I a c + recom ­
b i n a n t s  when m ated  f o r  60 m in u te s  w i th  1 1 1 7 7 . A l l  p o i n t s  a r e  a v e r ­
a g e s  o f  two in d e p e n d e n t  d e te r m in a t io n s .



X4

T a b le  I e E f f e c t  o f  w a sh in g  on H fr  f e r t i l i t y ®

Time o f  sam ple
V ia b le  c e l l s  

x  1 0 -5
R ecom binan ts  

x  1 0 -3 R e l a t i v e  F e r t i l i t y
( a v e r a g e  o f  2 

in d e p e n d e n t  
de t e r m in a t io  n s )

( a v e r a g e  o f  3 
in d e p e n d e n t  

d e te r m in a t io n s )

(R e c o m b in a n ts /  
V ia b le  c e l l s  x  1 0 ^ )

a e
B e fo re  w a sh in g 2 0 6 ^ 310 1 .6 9 '

Im m e d ia te ly  a f t e r  
r e s u s p e n s io n ' 156 79 • 51

One h o u r  a f t e r  
r e s u s p e n s io n 148 275 1 ,8 6

b .
B e fo re
c e n t r i f u g a t i o n 172 383 2 .2 2

A f t e r  f i r s t  
c e n t r i f u g a t i o n 175 ' 129 .7 3

A f t e r  se co n d  
c e n t r i f u g a t i o n 180 107 •59

MSG 603 w as grown t o  lo g  p h a se  i n  TGft5 an d "a  sam ple  rem oved to  
a s s a y  v i a b l e  c e l l s ,  and to  m ate  w i th  181177® I n  a® th e  c u l t u r e  was 
th e n  w ashed  b y  c e n t r i f u g a t i o n  and r e s u s p e n d e d ' i n  medium w i th o u t  thymine® 
I n  b e r e s u s p e n s io n  w as i n  medium w i th  thym ine*  Sam ples w e re  a l s o  r e ­
moved f o r  v i a b l e  c e l l  a s s a y  and f o r  m a tin g  a t  th e  l a t e r  t im e s  in d ic a te d *
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c e n t r i f u g a t io n ®  A f t e r  th e  f i r s t  c e n t r i f u g a t i o n  th e  f e r t i l i t y  d ropped  

t o  a b o u t  o n e - t h i r d  o f  i t s  o r i g i n a l  v a lu e e O n ly  a  s l i g h t  a d d i t i o n a l  

f a l l  o c c u r r e d  a f t e r  th e  s e c o n d  c e n t r i f u g a t io n ®  T h is  e f f e c t  c a n  be 

a t t r i b u t e d  t o  m e c h a n ic a l  b re a k a g e  and l o s s  o f  a  p o r t i o n  o f  th e  d o n o r 

c e l l s  F - p i l i  -when t h e  c e l l s  a r e  p ack ed  t o g e th e r  and  s u b s e q u e n t ly  r e ­

suspended®  A c o r r e l a t i o n  b e tw e en  t h e  l o s s  o f  th e s e  s t r u c t u r e s  and th e  

l o s s  o f  f e r t i l i t y  h a s  b e e n  r e p o r t e d  b y  B r in to n  and o t h e r s  (1 9 6 4 )  and 

w as a l s o  o b s e rv e d  i n d i r e c t l y  i n  th e  c h lo ra m p h e n ic o l  e x p e r im e n ts  to  be 

d e s c r ib e d  l a t e r ®  F u r t h e r  in f o r m a t io n  on  F - p i l i ,  and e x p e r im e n ts  !im­

p l i c a t i n g  them  i n  gene t r a n s f e r  a r e  r e p o r t e d  i n  l a t e r  s e c t i o n s  o f  

t h e s e  r e s u l ts ®

S in c e  66 m in u te s  a p p e a rs  to  b e  s u f f i c i e n t  to  undo th e  e f f e c t s  

o f  c e n t r i f u g a t i o n j  and  s in c e  th y m in e le s s  d e a th  d o es  n o t  b e g in  u n t i l  

a f t e r  60 m in u te s s a  c o m p a riso n  o f  th e  k i n e t i c s  o f  d e c a y  o f  f e r t i l i t y  

and  v i a b i l i t y  a f t e r  t h i s  t im e  sh o u ld  e s t a b l i s h  t h e i r  r e l a t i v e  r a t e s .  

The r e s u l t s  o f  t h r e e  e x p e r im e n ts  a r e  in c lu d e d  i n  F ig u re  2® B ecause  

o f  v a r i a b i l i t y  i n  f e r t i l i t y  fro m  e x p e rim e n t to  e x p e r im e n ts th e  r a t i o  

b e tw e en  f e r t i l e  and  v i a b l e  c e l l s  h a s  b e e n  p lo tte d ®  From  t h i s  com pari­

so n  i t  i s  c l e a r  t h a t  t h e  d e c a y  i n  a b i l i t y  to  fo rm  I a c + re c o m b in a n ts  

a f t e r  60 m in u te s  i s  s lo w e r  th a n  th e  d e c a y  o f  v i a b i l i t y  j, j u s t  th e  oppo­

s i t e  o f  o u r  p re d ic tio n ®  T h is  f i n d i n g ,  i n  f a c t ,  s u g g e s ts  t h a t  c e l l s  

n o t  c a p a b le  o f  g iv in g  r i s e  to  c o lo n ie s  on n u t r i e n t  a g a r  may s t i l l  be 

c o m p e te n t to  t r a n s f e r  g e n e s .

T h y m in e less  d e a th  i n  m a tin g  m ix tu r e s ® The r e s u l t s  g iv e n  i n
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N 60 90 120 180
MINUTES OF THYMINE DEPRIVATION

F ig u re  2 .  The r e l a t i o n s h i p  b e tw een  v i a b i l i t y  and f e r t i l i t y  a f t e r  v a ry in g  
p e r io d s  o f  th y m in e  d e p r i v a t i o n .  T hree  e x p e r im e n ts  l i k e  t h a t  i l l u s ­
t r a t e d  i n  F ig u r e  I  a r e  i n v o lv e d .  Each i s  r e p r e s e n te d  b y  a  d i f f e r e n t  
sym bo l.
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t h e  p r e c e d in g  s e c t i o n  a r e  n o t  th o s e  p r e d i c t e d  on th e  b a s i s  o f  Model 2 .  

H ow ever, an  im p o r ta n t  a s su m p tio n  re m a in s  - to  b e  ex am in ed : t h a t  DHA

s y n th e s i s  i n  th e  d o n o r  i s  n o t  r e s t o r e d  upon  m ix in g  w i th  th e  T~  c e lls ©  

DNA s y n t h e s i s  h a s  n o t  b e e n  m easu red  d i r e c t l y ^  i n s t e a d  th e  r a t e  o f  

th y m in e le s s  d e a th  h a s  b e e n  t a k e n  a s  a  m easu re  o f  i t s  in h ib i t io n ®

T hus, we h a v e  com pared t h e  r a t e ,  o f  th y m in e le s s  d e a th  o f  MSC 603 i n  

m a tin g  m ix tu re s  w i th  t h a t  o f  MSG 603 alone®

A l o g  p h a s e  c u l t u r e  o f  MSC 603 i n  T O  w as w ashed  once  b y  cen ­

t r i f u g a t i o n  and re s u s p e n d e d  i n  T b u ffe r®  T hree  a l i q u o t s  o f  t h i s  s u s ­

p e n s io n  w ere  m ixed  w i th  t h r e e  p e l l e t s  p r e p a r e d  fro m  a  1/0.177 c u l t u r e  

grown i n  t h e  same medium t o  g iv e  t h r e e  m a tin g  m ix tu res®  T hese mix­

t u r e s  and  th r e e  e q u iv a l e n t  vo lum es o f  MSC 603 a lo n e  w ere  in c u b a te d  a t  

37° f o r  f i v e  m in u te s  and th e n  d i l u t e d  1 0 0 - f o ld  i n t o  TO- l a c k i n g  thymine® 

The d e a th  o f  MSC 603 i n  t h e s e  s i x  c u l t u r e s  w as fo llo w e d  b y  rem ov ing  

sa m p les  a t  one h o u r  i n t e r v a l s ,  d i l u t i n g  a p p r o p r i a t e l y ,  and p l a t i n g  on 

E M B -Iac tose  to  s c o r e  th e  v i a b l e  l a c 4- (MSG 60 3 ) c e lls©

As c a n  b e  se e n  f ro m  F ig u re  3 S th e  r a t e  o f  th y m in e le s s  d e a th  o f  

MSC 603 m ixed  w i th  11177  i s  m a rk e d ly  s lo w e r  th a n  th e  r a t e  o f  d e a th  o f  

MSC 603 a lo n e ,  s u g g e s t in g  t h a t  m ix in g  w i th  1 1 1 7 7  u n d e r  t h e s e  c o n d i­

t i o n s  d o e s  a l lo w  a p p r e c ia b ly  more DNA s y n th e s i s  i n  t h e  d o n o r  c e l l s  

th a n  w ould  o th e r w is e  occur® T h is  e f f e c t  may b e  due t o  th y m in e  a s s o c i ­

a te d  w i th  th e  F~ p e l l e t ,  s in c e  th e  am ount o f  thym ine  r o u t i n e l y  added  

t o  c u l t u r e s  (2 0  m g/m l) i s  i n  e x c e s s  o f  t h a t  n e c e s s a r y  f o r  m axim al 

growth® -The c o n c e n t r a t io n  o f  c o n ta m in a t in g  thym ine m u s t, h o w e v e r, be
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•  6 0 3  MIXED WITH Wl17 7

6 0 3  A L O N E

z  10-2—

HOURS AFTER MIXING

F ig u r e  3» The th y m in e le s s  d e a th  o f  MSC 603 i n  m atin g  m ix tu r e s .  A lo g  
p h a se  c u l t u r e  o f  MSC 603 w as p re p a re d  f o r  thym ine d e p r i v a t i o n  and 
m ated  w i th  W ll77 a s  d e s c r ib e d  i n  th e  t e x t .  Sam ples w ere  rem oved to  
a s s a y  v i a b l e  MSC 603 c e l l s  a t  one h o u r  i n t e r v a l s .  A l l  p o i n t s  a r e  
a v e ra g e s  o f  t h r e e  in d e p e n d e n t  c u l t u r e s .
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b e lo w  th e  l e v e l  r e q u i r e d  t o  s u s t a i n  g ro w th 5 s in c e  some- th y m in e le s s  

d e a th  i s  observed*

K i n e t i c s  o f  t r a n s f e r  d u r in g  th y m in e  d e p r i v a t i o n * I f  t r a n s f e r  

i s  d e p e n d e n t  on DM  s y n t h e s i s ,  t h i s  subm axim al thym ine  c o n c e n t r a t io n  

s h o u ld  l e a d  to  s lo w e r  t r a n s f e r *  To t e s t  t h i s  a  lo g  p h a se  c u l t u r e  o f  

MSC 603 i n  TG-::- medium w as p r e p a re d  f o r  thym ine  d e p r i v a t i o n  a s  d e s c r ib e d  

p re v io u s ly ®  S am ples w ere  rem oved im m e d ia te ly  a f t e r  t h e  f i n a l  r e s u s ­

p e n s io n  ( s t a r t  o f  thym ine  d e p r i v a t i o n )  and a f t e r  one h o u r  o f  d e p r iv a ­

t i o n ,  and  m ated  w i th  Tfl/1177 i n  TC* l a c k in g  thymine® F o l lo w in g  th e  

r o u t i n e  d i l u t i o n  a t  f i v e  m in u te s  to  p r e v e n t  f u r t h e r  p a i r i n g  th e  m atin g  

m ix tu re s  w ere  sam p led  a t  f i v e  m in u te  i n t e r v a l s ,  and  0®1 m l p l a t e d  

d i r e c t l y  on  th e  a p p r o p r i a t e  m ed ia  to  s c o re  I a c + and Ib u + recom binan ts®

As s e e n  i n  F ig u re  4 ,  th e  t im e s  o f  e n t r y  and maximum t r a n s f e r  

o f  I a c + and I e u + b y  H f r 1S s t a r v e d  o f  th y m in e  f o r  one h o u r ,  and  b y  th o se  

w h ic h  h ad  n o t  b e e n  s t a r v e d  a r e  id e n t ic a l®  (The g r e a t e r  f e r t i l i t y  o f  

th e  fo rm e r  h a s  b e e n  d i s c u s s e d  i n  th e  p r e c e d in g  s e c tio n ® )  T h u s , i f  

t r a n s f e r  i s  d e p e n d e n t on  DM  s y n t h e s i s ,  t h e  l a t t e r  m ust resu m e immedi­

a t e l y  and a t  c lo s e  to  i t s  n o rm a l r a t e  e v e n  when th e  c e l l s  a r e  p ro v id e d  

w i th  subm axim al l e v e l s  o f  th y m in e  a f t e r  one h o u r  o f  d e p r iv a tio n ®  S in c e  

th y m in e le s s  d e a th  d o e s  o c c u r ,  h o w ev er, t h i s  a p p e a rs  u n l i k e l y ,  and 

h e n c e  s u g g e s t s  t h a t  M odel 2 ,n e e d s  f u r t h e r  s u b s ta n t ia t io n ®

E f f e c t s  o f  p r o t e i n  s y n th e s i s ,  i n h i b i t o r s  upon  c o n ju g a t io n
............ " I  ‘

E f f e c t s  o f  c b lo ra m p h e n ic o l* P r o t e i n  s y n th e s i s  i n  E* c o l i  may 

b e  in v o lv e d  i n  b o th  t h e  fo rm a t io n  o f  m a tin g  p a i r s  and i n  th e  t r a n s f e r
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F ig u re  4« K in e t i c s  o f  t r a n s f e r  o f  I a c + and I e u + by  MSC 603 w i th  and 
w i th o u t  p r i o r  th y m in e  d e p r i v a t i o n .  A lo g  p h a se  TC* c u l t u r e  o f  
MSC 603 was d e p r iv e d  o f  Uiym ine a s  d e s c r ib e d  i n  th e  t e x t  and sam p les 
rem oved f o r  m a tin g  w i th  W1177 a t  0 and a f t e r  60 m in u te s  o f  d e p r iv a ­
t i o n .  L a c + and I e u + t r a n s f e r  w ere  th e n  fo llo w e d  i n  b o th  m a tin g  c u l ­
t u r e s .  A l l  p o in t s  a r e  a v e ra g e s  o f  two in d e p e n d e n t d e te r m in a t io n s .
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o f  th e  chromosome® B r in to n  e t  a l 0 ( 1964) r e p o r t e d  t h a t  d o n o r c e l l s  o f  

E 0 c o l l  p ro d u ce  s p e c i f i c  s u r f a c e  s t r u c t u r e s  c a l l e d  F - p i l i®  These p i l i  

a p p e a r  t o  re s e m b le  o t h e r  E 6 c o l i  p i l i  w h ic h  a r e  p r o t e i n  r o d s  w i th  an 

a x i a l  h o le  o f  a p p ro x im a te ly  25 A d ia m e te r e They hav e  b e e n  fo u n d  n e c e s ­

s a r y  f o r  c o n ju g a t io n  and may f u n c t i o n  m e re ly  a s  o r g a n e l l e s  o f  p a ir in g ®  

As B r in to n  an d  h i s  c o -w o rk e rs  h av e  p ro p o s e d , th e y  may a l s o  b e  d i r e c t l y  

in v o lv e d  i n  th e  t r a n s f e r  p r o c e s s  b y  ( I )  s e r v in g  a s  th e  c o n ju g a t io n  tu b e  

th ro u g h  w h ic h  th e  chromosome i s  p a s s e d  fro m  d o n o r  to  r e c i p i e n t ,  o r  (2 )  

g row ing  o u t  fro m  th e  d o n o r  c e l l  and i n t o  th e  r e c i p i e n t  c a r r y in g  th e  

chromosome w i th  them*

I n  a d d i t i o n ,  M aaloe and H an aw alt (1 9 6 1 ) s u g g e s te d  t h a t  a  p e r io d  

o f  p r o t e i n  s y n th e s i s  i s  r e q u i r e d  b e tw een  s u c c e s s iv e  ro u n d s  o f  DNA re p ­

l i c a t i o n  i n  unm ated  b a c te r ia ®  T h is  s u g g e s t io n  w as s t r e n g th e n e d  b y  th e  

f i n d i n g  t h a t  c h lo ra m p h e n ic o l  (GAP) p r e v e n ts  th e  i n i t i a t i o n  o f  new 

c y c le s  o f  DNA r e p l i c a t i o n ,  w h ic h  b e g in  a t  a  p a r t i c u l a r  p o i n t  on  th e  

E e c o l i  chromosome (L a rk  and  L a r k ,  1964)«  N a g a ta  ( I 963) h a s  p r e s e n te d  

e v id e n c e  w h ich  i n d i c a t e s  t h a t  th e  s i t e  o f  i n i t i a t i o n  o f  r e p l i c a t i o n  

and t h e  p o in t  o f  o r i g i n  i n  a n  H fr  chromosome may be  i d e n t i c a l ,  o r  a t  

l e a s t  c l o s e l y  a s s o c ia te d *

I n  v iew  o f  th e  p r e c e d in g  in f o r m a t io n ,  i n h i b i t i o n  o f  p r o t e i n  

s y n th e s i s  i n  an  H fr  c u l t u r e  m ig h t a f f e c t  t h e  c o n ju g a t io n  p r o c e s s  i n  

e i t h e r  o f  two g e n e r a l  w ays* I t  m ig h t a f f e c t  th e  a b i l i t y  o f  H f r  c e l l s  

t o  fo rm  p a i r s  o r  to  t r a n s f e r  b y  i n h i b i t i n g  E - p i l i -  s y n t h e s i s g o r ,  i t  

m ig h t a f f e c t  t r a n s f e r  l e s s  d i r e c t l y ,  b y  i n t e r f e r i n g  w i th  t h e  o p e n in g
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o r  r e c l o s i n g  o f  th e  chromosome o c c u r r in g  b e tw e en  DM r e p l i c a t i o n s  p ro ­

p o se d  b y  M odel 1» The second  p o s s i b i l i t y  l e a d s  to  an  i n t e r e s t i n g  p re ­

d ic t io n ®  By b lo c k in g  th e  i n i t i a t i o n  o f  new r e p l i c a t i o n  c y c l e s ? CAP 

m ig h t a r r e s t  m ost o f  th e  c e l l s  i n  a  c u l t u r e  a t  t h i s  p o i n t 9 th e r e b y  

e f f e c t i v e l y  s y n c h r o n iz in g  them  w i th  r e s p e c t  t o  DHA r e p l i c a t io n ®  I f  

t h i s  sy n c h ro n y  w ere  m a in ta in e d  a f t e r  rem o v a l o f  CAP9 m a tin g s  in v o lv in g  

H fr  c e l l s  p r e t r e a t e d  w i th  th e  i n h i b i t o r  m ig h t e x h i b i t  a  b u r s t  o f  t r a n s ­

f e r  e x c e e d in g  t h a t  o b s e rv e d  i n  c o n t r o l  m atings®  T h is  b u r s t  m ig h t o c c u r  

e i t h e r  a t  th e  u s u a l  t im e  o f  e n t r y  o f  th e  m ark e r  u n d e r  c o n s id e r a t i o n ,  

o r  a f t e r  a  d e la y  c o r r e s p o n d in g  to  th e  sum o f  th e  r e p l i c a t i o n  i n t e r v a l  

and th e  n o rm a l t im e  o f  e n t r y ,  d e p e n d in g  on w h e th e r  o p e n in g  o f  th e  chromo­

some o c c u r s  a f t e r  o r  b e f o r e  t h e  b lo c k  im posed  b y  CAP®

A c c o rd in g ly ,  th e  e f f e c t s  o f  d i f f e r e n t  p e r io d s  o f  CAP t r e a tm e n t  

on  s u b s e q u e n t  t r a n s f e r  b y  MSC 603 w ere  examined® CAP w as add ed  to  

lo g -p h a s e  c u l t u r e s  o f  KBC 603 i n  T O  and  sam p les  rem oved a t  d i f f e r e n t  

t im e s  f o r  m a tin g  w i th  11177  ,grown i n  t h e  same medium® Because^ o f  th e  

m ethod  o f  m a tin g  ( r e s u s p e n s io n  o f  a  11177  p e l l e t  w i th  a  s m a l l  volum e 

o f  H fr  c u l t u r e )  CAP w as p r e s e n t  d u r in g  th e  f i v e  m in u te s  a llo w e d  f o r  

p a i r  f o r m a t io n  i n  t h e s e  .m a tin g s  o f  MSC 603 w h ich  had  b e e n  ; p r e t r e a te d  

w i th  t h e  in h ib i to r ®  The r o u t i n e  1 0 0 - fo ld  d i l u t i o n  o f  th e  m a tin g  c e l l s  

a f t e r  f i v e  m in u te s  s e r v e s  to  rem ove th e  in h ib i to r ®

I n  F ig u re  5 a r e  p r e s e n te d  th e  e f f e c t s  o f  p r e t r e a t i n g  MSC 603 

w i th  CAP f o r  O9 6 0 , and 90 m in u te s  upon  th e  t r a n s f e r  o f  th e  I a c + gene®

The e x p e r im e n t shown i n  F ig u r e  5a r e v e a l s  t h a t  p a i r  f o rm a t io n  i n  th e
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F ig u re  5# K i n e t i c s  o f  I a c + t r a n s f e r  fo l lo w ­
in g  c h lo ra m p h e n ic o l  (CAP) t r e a tm e n t .  CAP 
was added  to  a  lo g  p h a se  c u l t u r e  o f  MSC 603 
i n  TG and sa m p les  rem oved f o r  m a tin g  w ith  
70.177 a f t e r  0 ,  6 0 , and 90 m in u te s .  L ac+ 
t r a n s f e r  i n  th e s e  m a tin g  c u l t u r e s  was 
th e n  fo llo w e d  a s  d e s c r ib e d  i n  th e  t e x t .
A l l  p o in t s  a r e  a v e ra g e s  o f  two in d e p e n d e n t 
d e te r m in a t io n s .  A. No p r e t r e a tm e n t ;  B . 60 
m in u te  p r e t r e a tm e n t ;  C . 90 m in u te  p r e t r e a t ­
m en t.

* o
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p re s e n c e  o f  CAP b y  MSC 603 n o t  p r e v io u s ly  t r e a t e d  w i th  th e  i n h i b i t o r  

i s 5 i f  a n y th in g j, s l i g h t l y  i n c r e a s e d .  The f a l l  i n  t h e  num ber o f  r e ­

c o m b in a n ts  b e tw e en  30 and 60 m in u te s  i n  t h i s  e x p e r im e n t i s  o f  th e  

ty p e  o b s e rv e d  by  deH aan and G ro ss  ( 1 9 6 2 ) .  I t  was i n t e r p r e t e d  b y  them  

a s  due t o  t h e  s e p a r a t i o n  ( u n iq u e ly  i n  l i q u i d  m in im a l m ed ia ) o f  some 

o f  t h e  m a tin g  p a i r s ,  r e s u l t i n g . i n  th e  w ith d ra w a l  f ro m  th e  F "  c e l l  o f  

th e  chromosome seg m en t c o n ta in in g  th e  m ark e r  u n d e r  c o n s id e ra t io n ®  I n  

th e  f o l lo w in g  d i s c u s s i o n ,  t h e i r  i n t e r p r e t a t i o n  o f  t h i s  phenomenon i s  

a c c e p te d ,  and s u c h  p a i r s  a r e  r e f e r r e d  to  a s  u n s ta b l e  p a i r s *

In  F ig u re  5b th e  e f f e c t s  o f  a  60 m in u te  p r e t r e a tm e n t  a r e  shown* 

The c o n t r o l  m a tin g  i s  e q u iv a l e n t  t o  th e  e x p e r im e n ta l  m a tin g  i n  F ig u re  

5a and e x h i b i t s  a  s i m i l a r  d ro p  i n  th e  num ber o f  re c o m b in a n ts  b e tw een  

30 and 60 m inutes®  I n  th e  m a tin g  in v o lv in g  th e  p r e t r e a t e d  MSC 603 , 

h o w ev er, t h i s  f a l l  d o e s  n o t  o ccu r*  A p o s s ib l e  i n t e r p r e t a t i o n  o f  t h i s  

r e s u l t  i s  t h a t  60 m in u te s  i n  CAP p r e v e n t s  th e  H fr  c e l l s  f ro m  fo rm in g  

u n s t a b l e  p a i r s *  T h a t t h i s  t r e a tm e n t  may a l s o  p r e v e n t  th e  f o rm a tio n  

o f  w h a t may b e  c a l l e d  s t a b l e  p a i r s  i s  s u g g e s te d  b y  th e  lo w e r  num ber 

o f  re c o m b in a n ts  fo rm ed  a t  l a t e r  t im e s  b y  th e  t r e a t e d  c e lls ®  F i n a l l y ,  

t h e r e  i s  no I n d i c a t i o n  o f  a  d e la y e d  t r a n s f e r  b y  c e l l s  i n  th e  t r e a t e d  

c u l tu r e *  A lth o u g h  th e  num ber o f  re c o m b in a n t c o lo n ie s  i n c r e a s e s  a f t e r  

120 m in u te s ,  i t  d o e s  so i n  b o th  c u l t u r e s ,  and  th e  i n c r e a s e  a p p e a rs  to  

b e g in  e a r l i e r  i n  th e  c o n t r o l*  T h is  i n c r e a s e ,  t h e r e f o r e ,  i s  m o st l i k e l y  

due t o  th e  m u l t i p l i c a t i o n  o f  e x i s t i n g  re c o m b in a n ts ., r a t h e r  th a n  to  

l a t e  t r a n s f e r *
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D e la y ed  t r a n s f e r  Hiay3 h o w ev er3 o c c u r  i n  m a tin g s  made w i th  H fr  

c e l l s  p r e t r e a t e d  f o r  90 m in u te s  w i th  CAP ( F ig u r e  5 c ) e In  t h i s  m atIn g 5 

th e  a b i l i t y  t o  fo rm  p a i r s  a p p e a r s  to  hav e  b e e n  so  re d u c e d  t h a t  th e  de­

t e c t i o n  o f  n o rm al I a c + t r a n s f e r  i s  n o t  p o ss ib le ®  H ow ever5 a  d e la y e d  

i n c r e a s e  i n  t h e  num ber o f  re c o m b in a n t c o lo n ie s  was observed®  T h is  

i n c r e a s e  i s  n o t  o f  t h e  ty p e  w h ich  m ig h t b e  p r e d i c te d  on M odel 1» 

N o n e th e le s s ,  i t  h a s  b e e n  c o n s i s t e n t l y  o b s e rv e d  i n  t h r e e  e x p e r im e n ts  

and d e s e r v e s  f u r t h e r  comment®

I t  a p p e a r s  fro m  th e  k i n e t i c s  o f  t h i s  in c r e a s e  t h a t  i t  c o u ld  n o t  

b e  d u e  p r im a r i l y  to  t h e  m u l t i p l i c a t i o n  o f  e x i s t i n g  r e c o m b in a n ts i The 

in c r e a s e s  in  t h e  c o n t r o l  c u l t u r e s ,  w h ich  a r e  s lo w e r  and a p p e a r  t o  b e g in  

l a t e r ,  p r o b a b ly  a r e  due t o  re c o m b in a n t m u l t ip l ic a t io n ®  E x p la in in g  th e  

fo rm e r  i n c r e a s e  i n  t h i s  w ay w ould  l e a d  to  th e  c o n c lu s io n  t h a t  p ro lo n g e d  

t r e a tm e n t  o f  H f r 's  w i th  CAP s t i m u la t e s  th e  m u l t i p l i c a t i o n  o f  recom bi­

n a n ts  fo rm ed  b y  them® B u t s in c e  a  s i m i l a r  i n c r e a s e  i s  n o t  o b s e rv e d  

a f t e r  th e  60 m in u te  t r e a tm e n t  t h i s  i s  u n l i k e l y .  I t  i s  a l s o  u n l i k e l y  

t h a t  t h i s  i n c r e a s e  c o u ld  b e  d u e  to  d e la y e d  p a i r  f o r m a t io n ,  s in c e  th e  

c e l l  c o n c e n t r a t io n  i n  t h e s e  c u l t u r e s  was b e lo w  th e  lo w e s t  a t  w h ich  

p a i r  f o rm a t io n  h a s  b e e n  d e t e c t e d  (H a y e s , 1957)-® We c o n c lu d e , t h e r e f o r e ,  

t h a t  i t  i s  due t o . t r a n s f e r ,  b u t  t r a n s f e r  o f  an  u n u s u a l  kind®  T here i s  

no i n i t i a l  r i s e  p e r io d ,  fo llo w e d  b y  a  l e v e l  p e r io d  r e p r e s e n t i n g  com­

p l e t e d  t r a n s f e r  b y  a l l  p a i r s  formed® R a th e r ,  t r a n s f e r  b y  some p a i r s  

i s  s t i l l  b e in g  c o m p le te d  100 m in u te s  a f t e r  t h a t  i n  o th e r  p a irs ®  M ost 

p r o b a b ly ,  t h i s  ab n o rm al t r a n s f e r  i s  c h a r a c t e r i s t i c  o n ly  o f  H fr  c e l l s  

t h a t  have  b e e n  t r e a t e d  f o r  an  e x te n d e d  p e r io d  w i th  CAP® On th e  o th e r
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h a n d , i t  i s  p o s s ib l e  t h a t  s u c h  t r a n s f e r  o c c u rs  i n  a l l  m a tin g s  and  i s  

o b s e rv a b le  o n ly  i f  n o rm a l t r a n s f e r  i s  r e d u c e d  t o  th e  l i m i t s  o f  d e t e c t ­

a b i l i t y *

I n  sum m ary, t h e s e  e x p e r im e n ts  r e v e a l  t h r e e  ways i n  w h ich  CAP 

may a f f e c t  c o n ju g a t io n :  ( I )  By i n h i b i t i n g  u n s ta b l e  p a i r  fo rm a t io n  and

( 2 )  b y  i n h i b i t i n g  s t a b l e  p a i r  fo rm a tio n  ( b o th  o f w h ic h  a r e  e v id e n t  

a f t e r  60 m in u te s  p r e t r e a t m e n t ) ,  an d  ( 3 )  b y  s lo w in g  th e  t r a n s f e r  p ro ­

c e s s  ( o b s e r v a b le  o n ly  a f t e r  90 m in u te s  p r e tre a tm e n t)®  The f i r s t  two 

e f f e c t s  c o u ld  r e f l e c t  th e  d e s t r u c t i o n  a n d /o r  n o n - re p la c e m e n t  o f  F - p i l i®  

H ow ever, th e  r a t e s  o f  d e c a y  o f  th e  two p r o c e s s e s  a r e  m a rk e d ly  d i f f e r ­

e n t ;  u n s t a b l e  p a i r ,  f o r m a t io n  i s  a p p a r e n t ly  e l im in a te d  b y  60 m in u te s  

p r e t r e a tm e n t ,  w h e re a s  th e  d e la y e d  t r a n s f e r  o b s e rv e d  a f t e r  90 m in u te s  

p r e t r e a tm e n t  i n d i c a t e s  t h a t  s t a b l e  p a i r  f o r m a t io n  h a s  n o t  b e e n  e n t i r e l y  

e l im in a te d  b y  t h i s  time® S in c e  no b u r s t  o f  t r a n s f e r  was s e e n  f o l lo w ­

in g  any  t r e a t m e n t ,  ev en  a t  t im e s  lo n g  a f t e r  m a tin g , no s u p p o r t  f o r  Model 

I  i s  p ro v id e d *  The ab n o rm al t r a n s f e r  o b s e rv e d  a f t e r  90 m in u te s  p r e ­

t r e a tm e n t  p r o b a b ly  r e f l e c t s  a  c o m p lic a te d  p o is o n in g  o f  th e  c e l l  m ach in ery  

fro m  w h ic h  r e c o v e r y  i s  v e r y  slow * I f  s o ,  t h e  sy s te m  i s  s im p ly  n o t  ade­

q u a te  to  t e s t  M odel I .

E f f e c t s  o f  p h e n e th y l  a lc o h o l*  T re ic k  and E o n e ts k a  ( 1964.) have 

fo u n d  t h a t  p h e n e th y l  a lc o h o l  (PEA) i n h i b i t s  DNA s y n th e s i s  i n  a  m anner 

s i m i l a r  t o  c h lo ra m p h e n ic o l  (CAP)* C u r r e n t  c y c le s  o f  DNA s y n th e s i s  may 

b e  co m p le te d  i n  th e  p re s e n c e  o f  PEA, b u t  no new c y c le s  may b e  i n i t i a t e d *  

T h u s, i t  i s  l i k e l y  t h a t  PEA, a l s o ,  s to p s  t h e  s y n th e s i s  o f  DNA by



27

i n h i b i t i n g  p r o t e i n  s y n th e s i s *  E f f e c t s  o f  PEA on  p r o t e i n ,  and on ENA, 

s y n th e s i s  hav e  b e e n  r e p o r t e d  ( T re ic k  an d  KTonetzka5 19643 Nonoyama and 

I k e d a 3 19645 E o se n k ra n z  e t  a l . 3 1965)*

E o e s e r  an d  E o n e tz k a  ( 1964) h av e  s tu d i e d  t r a n s f e r  f o l lo w in g  p ro ­

lo n g e d  PEA t r e a tm e n t  and t h e i r  m ain  f i n d i n g s  w i l l  b e  t r e a t e d  i n  th e  

D is c u s s io n *  The p r e s e n t  e x p e r im e n ts  h av e  r e v e a le d  a  v e r y  r a p i d  e f f e c t  

o f  PEA n o t  r e p o r t e d  b y  th e s e  w o rk e rs*

I n  th e  same e x p e r im e n t shown i n  F ig u r e  5 a , PEA was add ed  t o  an  

a l i q u o t  o f  th e  MSG 603 c u l t u r e ,  and a  sam ple  rem oved im m e d ia te ly  f o r  

m a tin g  w i th  11177* As i n  t h e  o t h e r  m a t in g s ,  t h i s  m a tin g  m ix tu re  was 

d i l u t e d  1 0 0 - f o ld  a f t e r  5 m in u te s  to  p r e v e n t  f u r t h e r  p a i r  f o r m a t io n ,  

and t o  e f f e c t i v e l y  rem ove th e  i n h i b i t o r *  The t r a n s f e r  c u rv e  o b ta in e d  

a f t e r  ev en  t h i s  s h o r t  e x p o s u re  o f  t h e  H fr  c e l l s  to  PEA i s  s t r i k i n g l y  

d i f f e r e n t  fro m  t h a t  fo u n d  f o r  th e  c o n t r o l ,  and  re s e m b le s  ( i n  f a c t )  

t h e  t r a n s f e r  c u rv e  o b s e rv e d  a f t e r  t h e  60 m in u te  CAP tr e a tm e n t*  Thus, 

w i t h in  t h e  5 m in u te  p e r io d  i n  t h e  p re s e n c e  o f  PEA, t h e  a b i l i t y  o f  th e  

H fr  c e l l s  to  fo rm  u n s ta b l e  p a i r s  a p p e a rs  t o  be  d e s tro y e d *  The speed  

o f  t h i s  e f f e c t  s u g g e s t s  t h a t  i t  may b e  b ro u g h t  a b o u t th ro u g h  some 

a c t i o n  on  th e  c e l l  s u r f a c e *  H ow ever, PEA a p p e a rs  to  i n h i b i t  m essen g e r 

ENA s y n th e s i s  ( E o se h k ra n z  e t  a l * ,  1964) ,  and  th e  i n h i b i t i o n  o f  th e  

s y n th e s i s  o f  t h i s ,  o r  some o t h e r  u n s ta b l e  i n t e r n a l  s u b s ta n c e ,  m ig h t 

a l s o  b e  in v o lv e d  h e r e .

E f f e c t s  o f  p r o t e i n  s y n t h e s i s  i n h i b i t o r s  upon  MS-2 p h ase  a d s o r p t io n

The m ost d r a m a tic  e f f e c t s  o f  p r e t r e a tm e n t  o f  d o n o r c e l l s  w i th
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F ig u re  6 ,  The e f f e c t  o f  p h e n e th y I  a lc o h o l  (PEA) on p a i r  f o r m a t io n .
PEA was added  to  an  a l i q u o t  o f  an MSC 603 c u l t u r e  i n  TO* and a  sam ple 
rem oved im m e d ia te ly  f o r  m a tin g  w i th  W1177. The k i n e t i c s  o f  I a c + 
t r a n s f e r  w ere th e n  f o l lo w e d .  The c o n t r o l  c u rv e  i s  th e  same as  t h a t  
i n  F ig u re  5 a . A l l  p o i n t s  a r e  a v e ra g e s  o f  two d e te r m in a t io n s .



c h lo ra m p h e n ic o l  (CAP) a p p e a r  to  b e  ( I )  th e  e l i m i n a t i o n  o f  t h e i r  a b i l i t y  

t o  fo rm  u n s ta b l e  p a i r s ,  and ( 2 )  th e  d e p r e s s io n  o f  t h e i r  a b i l i t y  to  fo rm  

s t a b l e  p a i r s a  P h e n e th y l  a lc o h o l  (PEA) a l s o  a p p e a rs  to  e l i m i n a te  th e  

a b i l i t y  o f  d o n o r  c e l l s  t o  fo rm  u n s ta b l e  p a i r s ,  and t o  do s o  much more 

q u ic k ly  th a n  GAP* I n  o r d e r  t o  t e s t  t h e s e  i n f e r e n c e s  f u r t h e r ,  and to  

g a in  f u r t h e r  i n s i g h t  i n t o  th e  p a i r i n g  p r o c e s s ,  th e  e f f e c t s  o f  th e s e  

two i n h i b i t o r s  upon th e  a b i l i t y  o f  d o n o r  c e l l s  t o  a d s o rb  phage  MS-2 

w ere  s tu d ie d #

MS-2 i s  one o f  th o s e  p h ag es  w h ic h  s p e c i f i c a l l y  a t t a c k  d o n o r 

c e l l s  (Loeb and Z in d e r3 1 9 6 1 ) .  B r in to n  e t  a lt ,  (1 9 6 4 ) hav e  fo u n d  t h a t  

t h e s e  p h ag es  a d s o rb  t o  th e  c e l l s '  P - p i l i *  S in c e ,  a s  h a s  b e e n  n o te d  

p r e v i o u s ly ,  t h e s e  p i l i  c o n ta in  p r o t e i n ,  a  r e a s o n a b le  e x p la n a t io n  o f  

th e  e f f e c t s  u p o n  p a i r  fo rm a t io n  by  th e  two i n h i b i t o r s  i s  th e  i n a c t iv a ­

t i o n ,  o r  u n r e p la c e d  l o s s ,  o f  p i l l #

A f i r s t  t e s t  o f  th e  c o n s i s t e n c y  o f  t h i s  i n t e r p r e t a t i o n  w as to  

com pare th e  MS-2 a d s o rb in g  a b i l i t i e s  o f  d o n o r  c e l l s  p r e t r e a t e d  f o r  two 

h o u rs  w i th  GAP w i th  t h a t  o f  u n t r e a t e d  c o n t r o l s #  GAP was add ed  to  l o g -  

p h a se  c u l t u r e s  o f  MSG 603 i n  P e n n a ssa y  b r o t h  (PB) and I  ml sam p les  

rem oved Im m e d ia te ly , and  a f t e r  120 m in u te s ,  t o  t e s t  t h e i r  a b i l i t y  to  

a d s o rb  p h a g e . An 0 .1  m l q u a n t i t y  o f  PB c o n ta in in g  3 z  1 0 ^ MS-2 phage 

p a r t i c l e s  w as a d d e d  to  e a c h  sa m p le . These a d s o r p t io n  m ix tu re s  w ere  

th e n  sam p led  j u s t  a f t e r  a d d in g  phage and a t  tw o m in u te  i n t e r v a l s  f o r  

t e n  m in u te s ,  and  th e  num ber o f  u n a d so rb e d  phage  d e te rm in e d  a s  d e s c r ib e d  

i n  M ethods« C o n tro l  t u b e s  c o n ta in in g  no c e l l s  w ere  a s s a y e d  f o r

29
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F ig u re  7» The e f f e c t  o f  c h lo ra m p h e n ic o l  (CAP) upon MS-2 a d s o rb in g  
a b i l i t y .  105 p h a g e /m l w ere  added  to  a  l o g  p h ase  PB c u l t u r e  o f  MSC 
6 0 3 , and  to  a  s i m i l a r  c u l t u r e  p r e t r e a t e d  f o r  2 h o u rs  w i th  CAP, a t  
t im e s  0 .  The num ber o f  f r e e  phage  re m a in in g  was a s sa y e d  a t  2 m in u te  
i n t e r v a l s  a s  d e s c r ib e d  i n  M ethods. A l l  p o i n t s  a r e  a v e ra g e s  o f  th r e e  
in d e p e n d e n t  e x p e r im e n ts .
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p la q u e - fo rm in g  u n i t s  a t  0  and 10 m in u te s » From  th e  r e s u l t s  ( F ig u r e  7 ) 

i s  a p p e a r s  t h a t  a  two h o u r  GAP p r e t r e a tm e n t  d r a s t i c a l l y  r e d u c e s  th e  

num ber o f  phage a d s o rb in g  p i l i .

A se co n d  g ro u p  o f  e x p e r im e n ts  w as p e rfo rm e d  to  com pare th e  

k i n e t i c s  o f  d e c a y  o f  p h a g e -a d s o rb in g  a b i l i t y  w i th  th e  d e c a y  o f  f e r t i l i t y ,  

i n  b o t h  GAP and  PEA* E x p e r im e n ts  m e a su r in g  p h a g e -a d s o rb in g  a b i l i t y  w ere 

p e rfo rm e d  a s  f o l l o w s :  GAP and PEA w ere  added  t o  a l i q u o t s  o f  a  l o g -

p h a se  c u l t u r e  o f  MSG 603 i n  PB* One ml sa m p le s  w ere  rem oved immedi­

a t e l y  (0  t im e )  and added  t o  tu b e s  c o n ta in in g  0*1 m l o f  PB c o n ta in in g  

3 x  1 0 MS-2 p a r t i c l e s *  A f te r  i n c u b a t io n  f o r  15 m in u te s ,  th e  num ber 

o f  u n a d s o rb e d  phage w as a ssa y e d *  T h is  o p e r a t io n  was r e p e a te d  a t  30 

and 60 m in u te s  a f t e r  a d d in g  th e  i n h i b i t o r s *  E x p e r im e n ts  m e a su r in g  

f e r t i l i t y  w ere  p e rfo rm e d  a s  f o l l o w s :  A f t e r  a d d in g  PEA and CAP to  lo g -

p h a se  PB c u l t u r e s  o f  MSC 6 0 3 , sam p les  w ere  rem oved a t  0 ,  30 and  60 

m in u te s  and m ated  w i th  1191177 c u l t u r e s  a l s o  grown i n  PB* The c r i t e r i o n  

o f  f e r t i l i t y  i n  t h e s e  e x p e r im e n ts  was th e  I a c + re c o m b in a n t y i e l d  a f t e r  

30 m in u te s  o f  m ating* . T h is  i s  e q u iv a l e n t  t o  th e  60 m in u te  y i e l d  ( i* e * ,  

i t  i s  t e r m in a l )  s in c e  th e  w i th d ra w a l  e f f e c t  d o e s  n o t  o c c u r  u n d e r  th e s e  

c u l t u r a l  c o n d i t i o n s ,  a s  o b s e rv e d  f i r s t  b y  deH aan and G ross  (1 9 6 2 )*

T hus, th e  d e c a y  o f  p a i r  fo rm in g  a b i l i t y  m easu red  h e re  r e p r e s e n t s  th e  

d e c a y  o f  s t a b l e  p a i r  f o r m a t io n  o n ly .

T hese e x p e r im e n ts  ( F ig u r e  8) show t h a t  PEA ( a s  w e l l  a s  CAP) p re ­

t r e a tm e n t  i n h i b i t s  s t a b l e  p a i r  f o r m a t io n ,  a  p o i n t  n o t  c l e a r l y  e s ta b ­

l i s h e d  b e fo re *  A lth o u g h  b o th  i n h i b i t o r s  e f f e c t  a  d e c ay  i n  b o th
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F ig u re  8,  The d e c a y  o f  p a i r  fo rm in g  and  MS-2 a d s o rb in g  a b i l i t i e s  in  
th e  p re s e n c e  o f  i n h i b i t o r s .  C h lo ra m p h e n ic o l (CAP) and p h en e t h y l  
a lc o h o l  (PEA) w ere  added  to  lo g  p h ase  c u l t u r e s  o f  MSC 603 i n  PB and 
sam p les  rem oved a t  0 ,  30 ,  and 60 m in u te s  to  m easu re  p a i r - f o r m in g  
and phage a d s o rb in g  a b i l i t i e s  a s  d e s c r ib e d  in  th e  t e x t .  A l l  p o in t s  
a r e  a v e ra g e s  o f  t h r e e  in d e p e n d e n t  e x p e r im e n ts .  A. D ecay o f  p a i r -  
fo rm in g  a b i l i t y 5 B . D ecay o f  p h a g e -a d s o rb in g  a b i l i t y .
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p r o p e r t i e s  S tu d ie d 9 th e  f o u r  d e c a y  r a t e s  may a l l  b e  u n iq u e ,  P M  

c a u s e s  a  m ore r a p i d  d e c a y  o f  b o th  p r o p e r  t i e  s-5 b u t  th e  d i f f e r e n c e  b e ­

tw een  th e  two i n h i b i t o r s ’ e f f e c t s  upon  phage  a d s o r p t io n  i s  f a r  m ore 

a p p a re n t  th a n  th e  d i f f e r e n c e  i n  t h e i r  e f f e c t s  upon  p a i r  fo rm atio n ®

The e x tre m e  s p e e d  o f  th e  PEA e f f e c t  on  phage a d s o r p t io n  i s  l i k e  t h a t  

o f  i t s  e f f e c t  upon  u n s t a b l e  p a i r  f o rm a t io n  i n  TO* m edium , s u g g e s t in g  

t h a t  F - p i l i  a r e  in v o lv e d  i n  th e  f o rm a t io n  o f  u n s ta b l e  p a irs®  T h is  

r a p i d  e f f e c t  a l s o  s t r e n g th e n s  th e  i n t e r p r e t a t i o n  t h a t  PEA a c t s  upon 

th e  c e l l  s u r f a c e ,  b u t  d o e s  n o t  n e c e s s a r i l y  mean t h a t  F - p i l i  a r e  th e  

s i t e  o f  ac tion®

A p l a u s i b l e  i n t e r p r e t a t i o n  o f  th e  d i f f e r e n c e  b e tw e en  t h e  e f f e c t s  

o f  e a c h  i n h i b i t o r  upon  th e  two p r o p e r t i e s  (e*g® , th e  d i f f e r e n t  r a t e s  

o f  d e c a y  o f  p a i r  fo rm a t io n  and  phage a b s o r b a b i l i t y  a f t e r  t r e a tm e n t  

w i th  PEA) i s  t h a t  F - p i l i  c o n ta in  a t  l e a s t  two components® The com ponent 

w h ich  i s ' i n v o lv e d . (m a in ly )  i n  s t a b l e  p a i r  fo rm a t io n  w ould  b e  s e n s i t i v e  

to  t h e  a c t i o n  o f  PEA and to  CAP b y  some common m echanism , m o st l i k e l y  

p r o t e i n  s y n th e s is ®  The com ponent in v o lv e d  (m a in ly )  i n  phage a d s o r p t io n  

(a n d  p e rh a p s  u n s t a b l e  p a i r  f o r m a t io n )  w ou ld  b e  r e l a t i v e l y  i n s e n s i t i v e  

t o  i n h i b i t i o n  o f  p r o t e i n  s y n t h e s i s ,  b u t  e x tr e m e ly  s e n s i t i v e  to  th e  

r a p i d  ch ange  i n  th e  c e l l  s u r f a c e  p ro d u ce d  b y  PEA* A l t e r n a t i v e l y ,  one 

m ig h t in v o k e  two k in d s  o f . F - p i l i ,  o r  a n o th e r  s u r f a c e  s t r u c t u r e ,  to  

e x p la in  th e s e  d i f f e r e n t i a l  e f f e c ts ®

The e f f e c t s  o f  MS-2 phage  a d s o r p t io n  u p o n  gene t r a n s f e r

The r e s u l t s  o f  th e  p r e c e d in g  s e c t i o n  a r e  c o n s i s t e n t  w i th  th e
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h y p o th e s i s  t h a t  th e  F - p i l i  a r e  in v o lv e d  i n  t h e  fo rm a tio n  o f  c o n ju g a l  

p a i r s 6 They do n o t ,  h o w ev er, p ro v id e  a n y  e v id e n c e  a b o u t s u b s e q u e n t  

p i l u s  f u n c t io n *  T hus, th e  s u g g e s t io n  o f  B r in to n  e t  a l„  ( 1964) t h a t  

F - p i l i  m ig h t p l a y  a  d i r e c t  r o l e  i n  chrom osome t r a n s f e r  re m a in s  unsu p ­

p o r te d *

I n  a n  a t te m p t  to  t e s t  f o r  th e  d i r e c t  in v o lv e m e n t o f  F - p i l i  i n  

t r a n s f e r ,  e x p e r im e n ts  w e re  p e rfo rm e d  t o  s tu d y  th e  e f f e c t  o f  a d d in g  

MS-2 phage  to  m a tin g  m ix tu re s  i n  a  s i t u a t i o n  w here  f u r t h e r  p a i r  fo rm a­

t i o n  i s  m inim ized®  Any e f f e c t  upon  re c o m b in a n t y i e l d  o b s e rv e d  w ould  

b e  b y  i n t e r f e r e n c e  w i th  some p i l u s  f u n c t i o n  o c c u r r in g  a f t e r  p a i r  f o r ­

m ation®  A c o m p l ic a t io n  i n  such  a n  e x p e r im e n t  i s  t h a t  i n f e c t i n g  phage'- 

m ig h t k i l l  t h e  d o n o r c e l l s ,  o r  p o s s ib l y  th e  F "  c e l l s  ( S i r o n i  e t  a l® , 

1964)» The e x p e r im e n ts ,  t h e r e f o r e , w ere  p e rfo rm e d  a t  a  te m p e ra tu re  

w h ere  MS-2 d o e s  n o t  k i l l  n o rm a lly  s e n s i t i v e  c e lls® . A- p a r a l l e l  c o n t r o l  

e x p e r im e n t w as ru n  a t  a  te m p e ra tu re  w h ere  th e  f r a c t i o n  o f  th e  p o p u la ­

t i o n  k i l l e d  s h o u ld  b e  high®

The tw o t e m p e ra tu re s  w ere  c h o se n  on  th e  b a s i s  o f  e x p e r im e n ts  

i n  w h ich  a l i q u o t s  o f  a  s u s p e n s io n  o f  MSC 603 w ere  added  to  a  num ber o f  

n u t r i e n t  a g a r  p l a t e s ,  h a l f  o f  w h ich  had  j u s t  b e e n  se e d e d  w i th  a b o u t 

IO ^ MS-2, a  c o n c e n t r a t io n  f a r  beyond  t h a t  r e q u i r e d  to  g iv e  c o n f lu e n t  

l y s i s  i n  r o u t i n e  assays®  P a i r s  o f  p l a t e s ,  one w i th  and one w i th o u t  

p h a g e , w e re  in c u b a te d  o v e r n ig h t  a t  d i f f e r e n t  t e m p e ra tu re s  and th e  r e ­

s u l t i n g  c o lo n ie s  counted®  I f  th e  p l a t e s  w ere  warmed ( t o  t h e  tem p era ­

t u r e  a t  w h ic h  th e y  w ould  l a t e r  b e  in c u b a te d )  b e f o r e  p l a t i n g ,  d i f f e r e n c e s
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i n  th e  num bers o f  c o lo n ie s  a p p e a r in g  a t  t h e  d i f f e r e n t  t e m p e ra tu re s  

w ere  n o ted *  A t 34° C5 t h e r e  w as no i n d i c a t i o n  o f  k i l l i n g 3 w h i le  a t  

40° C a b o u t 15% o f  th e  c e l l s  w ere  k i l l e d *

T h e r e f o r e 5 ISO 603 and  11177  w ere  m ated  i n  PB a t  37° 0* A f te r

a l lo w in g  f i v e  m in u te s  f o r  p a i r  f o r m a t io n ,  th e  m a tin g  c u l t u r e  w as d i l u t e d

—Pi n t o  f o u r  tu b e s :  One c o n ta in in g  a  10 d i l u t i o n  o f  PB i n  s a l i n e  w h ich

h ad  b e e n  prew arm ed and  m a in ta in e d  a t  34° C5 a  seco n d  l i k e  th e  f i r s t  

b u t  a l s o  c o n ta in in g  3 x  IO ^ MS-2 p a r t i c l e s / m l 5 a  t h i r d  l i k e  t h e  f i r s t  

b u t  prew arm ed and m a in ta in e d  a t  40 ° C5 and a  f o u r t h  l i k e  th e  seco n d  

b u t  prew arm ed and m a in ta in e d  a t  40° Ce The k i n e t i c s  o f  I a c + t r a n s f e r  

w ere  fo l lo w e d  a s  i n  t h e  TO* m a tin g s  d e s c r ib e d  e a r l i e r *  V ia b le  c e l l s  

w ere  a s s a y e d  b y  d i l u t i n g  and p l a t i n g  on E M B -Iactose  fro m  sa m p le s  tak e n , 

a t  5 and  50 m in u te s*

U n e x p e c te d ly , no k i l l i n g  c o u ld  b e  d e t e c t e d  a f t e r  50 m in u te s  a t  

e i t h e r  te m p e ra tu re *  P re su m a b ly , t h i s  was due t o  t h e  s u s p e n d in g  medium* 

D e s p i te  th e  a b se n c e  o f  k i l l i n g ,  th e  same s o r t  o f  i n h i b i t i o n  o f  t r a n s f e r  

w as o b se rv e d  a t  b o th  te m p e ra tu re s  ( F ig u r e  9 )«  Hence i t  a p p e a r s  t h a t  

MS-2 a d s o r p t io n  t o  a l r e a d y  m ated  c e l l s  d o e s  i n h i b i t  r e c o m b in a t io n ,  and 

t h a t  t h i s  i n h i b i t i o n  i s  n o t  b y  way o f  k i l l i n g *  T hat t h i s  r e s u l t  m igh t 

b e  p ro d u ce d  b y  a n  e f f e c t  o f  MS-2 upon  h o s t  c e l l  s y n th e s e s  n e c e s s a ry  

f o r  t r a n s f e r ,  b u t  n o t  c o n n e c te d  w i th  F - p i l i ,  i s  u n l ik e ly *  I n  e x p e r i ­

m en ts  u s in g  a  s i m i l a r  phage  5 f 25 i t  w as fo u n d  t h a t  even  u n d e r  c o n d i­

t i o n s  w h ere  t h e  c e l l s  a r e  k i l l e d  no m arked  e f f e c t s  on h o s t  c e l l  

m e ta b o lism  a r e  s e e n  u n t i l  I 5 to  20 m in u te s  a f t e r  i n f e c t i o n  ( L o d is h 5
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F ig u re  9# I n h i b i t i o n  o f  t r a n s f e r  by phage M S-2. Log p h a se  c u l t u r e s  
o f  MSG 603 and W1177 w ere  m ated  a t  37° and d i l u t e d  i n t o  IO- ^ pg w ith  
and w i th o u t  phage a t  40° and 34° a s  d e s c r ib e d  i n  th e  t e x t .  M ating 
c u l t u r e s  w ere sam pled  a t  f i v e  m in u te  i n t e r v a l s  to  f o l l o w  th e  t r a n s f e r  
o f  th e  I a c + m a rk e r . A l l  p o in t s  a r e  s i n g l e  d e te r m in a t io n s .



e t  a le  5 1 9 6 4 )5 ati I n t e r v a l  c o r r e s p o n d in g  to  2 0 -2 5  m in u te s  i n  th e  ex­

p e r im e n t  d e s c r ib e d  above* By th i s . , t im e  th e  t r a n s f e r  o f  I a c + i s  a lm o s t 

c o m p le te . I n s t e a d ,  i t  a p p e a rs  t h a t  a n  e v e n t  e a r l y  a f t e r  MS-2 a d so rp ­

t i o n  i s  in v o lv e d *  S in c e  su c h  e a r l y  e v e n ts  w ould  b e  p r im a r i l y  p i l u s -  

a s s o d a t e d ,  t h i s  r e s u l t  s u p p o r t s  th e  h y p o th e s i s  t h a t  F - p i l i  a r e  th e

37.

c o r r i d o r s  o r  v e h i c l e s  o f  chromosome t r a n s f e r



DISCUSSION

The r o l e  o f  DNA sy n th e s is . The r e s u l t s  o f  th e  thym ine  d e p r iv a ­

t i o n  e x p e r im e n ts  d e s c r ib e d  h e r e  im p ly  t h a t ,  i f  c o n c u r r e n t  DNA s y n th e s i s  

i s  r e q u i r e d  f o r  chromosome t r a n s f e r  i n  'E0 c o l i ,  t r a n s f e r - a s s o c i a t e d  

DNA s y n th e s i s  m ust b e  s lo w e r  th a n  th e  DNA s y n th e s i s  i n  an  unm ated  c e l l .  

T h is  a g r e e s  w i th  th e  f i n d i n g  t h a t  th e  minimum tim e  r e q u i r e d  f o r  th e  

t r a n s f e r  o f  a  c o m p le te  genome i s  one and  o n e - h a l f  t im e s  lo n g e r  th a n  

th e  c e l l  g e n e r a t io n  tim e  i n  t h e  same medium ( T a y lo r  and Thoman3 1964) .  

H ow ever3 w h e th e r  th e  r a t e  o f  DNA s y n th e s i s  i n  a  thym ine  d e p r iv e d  H fr  

c e l l  i s  s u f f i c i e n t  to  t r a n s f e r  th e  chromosome a t  t h i s  sp e e d  re m a in s  an  

open  q u e s t i o n .

Even i f  t h e  r a t e  o f  DNA s y n th e s i s  i n  a  thym ine  d e p r iv e d  H fr  

w ere  fo u n d  to  b e  s u f f i c i e n t  f o r  a  s lo w  r a t e  o f  t r a n s f e r ,  t h i s  w ould  

n o t  im p ly  a  n e c e s s a r y  c o n n e c t io n  b e tw een  t r a n s f e r  and c o n c u r r e n t  DNA 

s y n t h e s i s .  I t  m ig h t b e 3 f o r  ex am p le3 t h a t  s y n th e s i s  o f  th e  chromosome 

to  b e  t r a n s f e r r e d  i s  c o n c u r r e n t  w i th  t r a n s f e r ,  b u t  t h a t  t h e r e  i s  a  

c o n s id e r a b le  l a g  b e tw e en  t h e  s y n th e s i s  o f  a  m ark e r  and i t s  t r a n s f e r ,  

su c h  t h a t  a  " p i l i n g  u p "  o f  th e  new ly  s y n th e s iz e d  chromosome o c c u r s j  

th e  a c t u a l  t r a n s f e r  o f  t h i s  chrom osom e, t h e n ,  m ig h t b e  c a r r i e d  o u t  by  

some o t h e r  m echan ism . I f  t h i s  w ere  s o ,  one m ig h t e x p e c t  th e  i n h i b i ­

t i o n  o f  DNA s y n th e s i s  to  a f f e c t  m a rk e rs  w h ic h  a r e  t r a n s f e r r e d  " l a t e "  

m ore d r a m a t i c a l l y  th a n  th o s e  t r a n s f e r r e d  e a r l y ,  and t h a t  th e  l a t e r  a  

m a rk e r  i s  t r a n s f e r r e d  t h e  g r e a t e r  th e  e f f e c t  w ould  b e .  Such a  r e s u l t  

h a s ,  i n  f a c t ,  b e e n  o b s e rv e d  i n  e x p e r im e n ts  t e s t i n g  th e  e f f e c t  o f  a d d in g



p h e n e th y l  a lc o h o l  (PEA) d u r in g  t r a n s f e r  ( J a c o b  e t  a l » , 1963}» However3 

th e  e v id e n c e  r e g a r d in g  th e  w ay i n  w h ich  PEA i n h i b i t s  DM  s y n th e s i s  i s  

n o t  c o n s i s t e n t  w i th  t h i s  i n t e r p r e t a t i o n *  The e x p e r im e n ts  o f  T re ic k  

and K b n e tz k a  ( 1964) s u g g e s t  t h a t  PEA p r e v e n t s  th e  i n i t i a t i o n  o f  new 

c y c le s  o f  DM  r e p l i c a t i o n 3 w h i le  p e r m i t t in g  th e  c o m p le tio n  o f  th o s e  

c y c le s  a l r e a d y  i n i t i a t e d *  I f  s o 3 PEA s h o u ld  n o t  a f f e c t  th o s e  r e p l i c a ­

t i o n  c y c le s  w h ic h  w ere  i n i t i a t e d  b e f o r e  i t s  a d d i t i o n ,  a n d 3 i n  th e  ex­

p e r im e n ts  o f  Ja c o b  e t  a l . 3 w ould  n o t  b e  e x p e c te d  to  a f f e c t  t r a n s f e r *

The f i n d i n g  t h a t  t r a n s f e r  i s  a f f e c t e d ,  t h e r e f o r e ,  s u g g e s t s  t h a t  t r a n s ­

f e r  may b e  d r iv e n  b y  some m echanism  s e p a r a t e  fro m  DM  s y n th e s i s *

C o n s i s te n t  w i th  t h e s e  a rg u m en ts  a r e  th e  e x p e r im e n ts  o f  S u i t  

e t  a l*  ( 1965} w h ich  a l s o  s u g g e s t  t h a t  t r a n s f e r  may b e  in d e p e n d e n t  o f  

DM  s y n th e s i s *  DM  s y n th e s i s  w as b ro u g h t  t o  a  c o m p le te  h a l t  i n  a  c u l ­

t u r e  o f  a  h i s t i d i n e - r e q u i r i n g  H f r  s t r a i n  b y  two h o u rs  o f  h i s t i d i n e  

d e p r iv a tio n ®  Even s o ,  when a  sam ple o f  th e  c u l t u r e  was m a te d , no rm al 

t r a n s f e r  o c c u rre d *  I t  was o b s e rv e d , h o w e v e r, t h a t  th e  f i n a l  num ber 

o f  r e c o m b in a n ts  fo rm ed  b y  th e  h i s t i d i n e  d e p r iv e d  c e l l s  w as g r e a t e r  

th a n  t h a t  fo rm ed  b y  th e  same num ber' o f  c e l l s  i n  a  c o n t r o l  m atin g *

T h is  seem s i n c o n s i s t e n t  w i th  o u r  f i n d i n g  t h a t  t r e a tm e n t  w i th  p r o t e i n  

s y n th e s i s  i n h i b i t o r s  d e c r e a s e s  th e  a b i l i t y  o f  H fr  c e l l s  t o  fo rm  p a i r s ,  

b u t  p a r t  o f  th e  d i f f e r e n c e  may b e  a c c o u n te d  f o r  by  a  d i f f e r e n c e  I n  

m a tin g  te c h n iq u e s *  I n  th e  e x p e r im e n ts  o f  S u i t  e t  a l® , m a tin g s  w ere 

p e rfo rm e d  b y  b r in g in g  H f r  and  F "  c e l l s  i n t o  c o n ta c t  on t h e  s u r f a c e  o f  

membrane f i l t e r  p a d s  a t  d e n s i t i e s  w h ic h , t h e r e f o r e ,  f a r  e x c e e d  th o s e

39
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u s e d  i n  o u r  e x p e rim e n ts*  I t  may b e  t h a t ,  a t  su c h  c lo s e  q u a r t e r s  s even  

dam aged F - p i l i ,  o r  F - p i l i  s t u b s ,  may s u f f i c e  f o r  p a i r  f o r m a t io n | o r  

i t  may b e  t h a t  F - p i l u s  m e d ia te d  p a i r  f o r m a t io n  i s  u n n e c e s s a ry  a t  su ch  

h ig h  c e l l  d e n s i t i e s *  T h is  d i f f e r e n c e  i n  t e c h n iq u e ,  h o w ev er, c a n n o t 

e x p la in  th e  i n c r e a s e  i n  th e  f i n a l  num ber o f  r e c o m b in a n ts  o b s e rv e d  i n  

th e  e x p e r im e n ta l  c u l t u r e  * B u t ,  we h av e  p r e d i c t e d  p r e c i s e l y  t h i s  k in d  

o f  e f f e c t  o f  p r o t e i n  s y n t h e s i s  i n h i b i t i o n  on th e  b a s i s  o f  M odel I  

(o f*  ,R e s u l t s )* T hus, a  p l a u s i b l e  i n t e r p r e t a t i o n  o f  t h e  i n c r e a s e  i s  

t h a t ,  e v e n  u n d e r  c o n d i t io n s  w here  a  h ig h  p r o b a b i l i t y  o f  c o n ta c t  i s  

im p o se d , n o t  a l l  H f r  c e l l s  w i l l  engage i n  t r a n s f e r  u n l e s s  th e y  hav e  

b e e n  b r o u g h t  to  t h e  s ta g e  i n  r e p l i c a t i o n  a t  w h ich  t r a n s f e r  i s  m ost 

q u ic k ly  acco m p lish e d *

As we h a v e  s e e n ,  t h e  r e s u l t s  o f  S u i t  e t  a l * ( i n  a c c o r d  w i th  th e  

th y m in e  d e p r i v a t i o n  r e s u l t s  g iv e n  h e r e ) i n d i c a t e  t h a t  t r a n s f e r  may 

o c c u r  in d e p e n d e n t ly  o f  DHA s y n t h e s i s ,  and  f u r t h e r  s u g g e s t  t h a t  t r a n s ­

f e r  i s  i n i t i a t e d  b e tw e en  c y c le s  o f  r e p l i c a t i o n *  R o e se r  and  K o n e tak a  

( 1964) b e l i e v e  t h a t  t h e i r  e x p e r im e n ts  w i th  PEA a l s o  c o n n e c t  t h e  i n i ­

t i a t i o n  o f  t r a n s f e r  w i th  e v e n ts  o c c u r r in g  b e tw e e n  r e p l i c a t i o n  c y c le s ,  

s p e c i f i c a l l y  w i t h  th e  i n i t i a t i o n  o f  r e p l i c a t i o n *  T h is  i n t e r p r e t a t i o n  

i s  q u e s t i o n a b le ,  h o w e v e r, s in c e  n o rm a l t r a n s f e r  w as o b s e rv e d  i n  m a tin g s  

made w i th  H fr  c e l l s  rem oved fro m  PEA i n  t h e  m id d le  o f  w h a t th e y  r e f e r  

to  a s  a  " c o n t r o l l e d  (DHA) r e p l i c a t i o n  c y c le " *  On t h e i r  own i n t e r ­

p r e t a t i o n  o f  t h e  a c t i o n  o f  PEA, none o f  t h e s e  H fr  c e l l s  w ou ld  have  

y e t  c o m p le te d  one su c h  c o n t r o l l e d  c y c le ;  h e n c e ,  none s h o u ld  b e  a b le  to
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i n i t i a t e  ano ther®  T hus3 t h e i r  PEA e x p e r im e n ts 3 l i k e  th o s e  o f  Jaco b  

e t  al®  d e s c r ib e d  p r e v i o u s ly ,  s u g g e s t  t h a t  th e  i n h i b i t i o n  o f  t r a n s f e r  

b y  PEA i s  v i a  some m echanism  o t h e r  th a n  DNA r e p l i c a t i o n .

The r o l e  o f  t h e  F - P i l i e The e x p e r im e n ta l  e v id e n c e  exam ined  i n  

th e  p re c e d in g  s e c t i o n  i s  a l l  c o n s i s t e n t  w i th  t h r e e  c o n c lu s io n s :  ( I )

T h a t chromosome t r a n s f e r  i s  in d e p e n d e n t  o f  DNA s y n t h e s i s ,  b u t  ( 2 )  

t h a t  t r a n s f e r  i s  r e l a t e d  t o  DNA s y n th e s i s  i n  th e  s e n se  t h a t  i t  c an  

o n ly  b e  i n i t i a t e d  a t  a  p a r t i c u l a r  t im e  i n  th e  r e p l i c a t i o n  c y c l e ,  and 

( 3 )  t h a t  PEA may a f f e c t  p r o c e s s e s  more d i r e c t l y  in v o lv e d  i n  t r a n s f e r  

th a n  DNA r e p l i c a t i o n .

I t  i s  o u r  c o n te n t io n  t h a t  p r o c e s s e s  in v o lv e d  i n  F - p i l u s  m etabo­

l i s m  and  n e c e s s a r y  f o r  t r a n s f e r ,  may b e  th o s e  a f f e c t e d  b y  PEA* An 

e x p e r im e n t  i m p l i c a t i n g  F - p i l i  a s  a g e n ts  o f  t r a n s f e r , ,  i n  a d d i t i o n  to  

p a i r i n g  h a s  a l r e a d y  b e e n  d i s c u s s e d *  L ik e w is e ,  i t  h a s  b e e n  shown t h a t  

PEA (a n d  GAP) c a n  a f f e c t  two o t h e r  f u n c t i o n s  o f  F - p i l i ,  n am ely  p a i r  

fo rm a tio n  and  m a le - s p e c i f i c  phage a d s o rp t io n *  ■ Many q u e s t io n s  r a i s e d  

b y  th e s e  e x p e r im e n ts  re m a in  unansw ered®  F o r  ex am p le , i t  i s  n o t  c l e a r  

how th e  i n h i b i t o r s  p ro d u c e  th e s e  e f f e c t s ,  n o r  w h a t . th e  d i f f e r e n c e  i n  

e f f e c t s  b e tw e e n  th e  tw o i n h i b i t o r s  may r e p r e s e n t*  N o n e th e le s s ,  th e  

id e a  t h a t  an  F - p i l u s  a s s o c i a t e d  m e ta b o lic  p r o c e s s  i s  in v o lv e d  i n  

chromosome t r a n s f e r  i s  s u p p o r te d  b y  th e  f i n d i n g  (W endt, u n p u b l is h e d )  

t h a t  t h e  d e c a y  o f  p a i r - f o r m in g  a b i l i t y  p ro v o k ed  b y  p h e n e th y l  a lc o h o l  

o c c u rs  a t  th e  same r a t e  i n  b o th  T O  and  PB m edia* I t  i s  a  c u r io u s  

f a c t  t h a t  th e  r a t e  o f  gene t r a n s f e r . i s  th e  same i n  m in im a l medium and



b r o t h ,  w h e re a s  th e  g e n e r a t i o n  tim e  i s  f a r  lo n g e r  i n  m in im a l medium 

(C om pare, f o r  exam ple  Ja co b  and W ollm an,  196 l ,  w i th  J a c o b  e t  a l « .  

1963)© T h is  i n d i r e c t  d i s c o v e r y  o f  an  F - p i l u s  a s s o c i a te d  p r o c e s s  w hich  

a l s o  o c c u rs  a t  th e  same r a t e  i n  b o th  k in d s  o f  medium s u g g e s t s  t h a t  an 

e x a m in a tio n  o f  th e  b io c h e m is t r y  o f  F - p i l u s  s y n th e s i s  m ig h t r e v e a l  b o th  

a  p e c u l i a r  m e tab o lism , and  th e  p r o c e s s  w h ic h  d r iv e s  chromosome t r a n s f e r .
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The c o n se q u e n c e s  o f  two d i f f e r e n t  ( b u t  n o t  m u tu a l ly  e x c lu s iv e )  

m odels  o f  chromosome t r a n s f e r  b y  H fr  d o n o rs  o f  E0 c o l i  h av e  b e e n  

exam ined  e x p e r im e n ta l ly *  The f i n d i n g  t h a t  n o rm al gene  t r a n s f e r  can  

b e  c a r r i e d  o u t  b y  H f r ’s  u n d e rg o in g  th y m in e le s s  d e a th  i n  th e  p re s e n c e  

o f  subm axim al c o n c e n t r a t io n s  o f  th y m in e  d o e s  n o t  s u p p o r t  th e  p r o p o s a l  

t h a t  t r a n s f e r  d e p e n d s  on  c o n c u r r e n t  DNA s y n th e s i s *  An a t te m p t  to  

s t im u la t e  t h e  f e r t i l i t y  o f  H fr  c u l t u r e s  b y  b r in g in g  a l l  t h e  H fr  to  th e  

( h y p o th e t i c a l )  p o in t  a t  w h ic h  t r a n s f e r  may b e  i n i t i a t e d  b y  th e  u s e  

o f  c h lo ra m p h e n ic o l  w as u n s u c c e s s f u l » H ow ever3 c h lo ra m p h e n ic o l  t r e a t ­

m ent w as fo u n d  to  r e d u c e  th e  a b i l i t y  o f  H fr  c e l l s  to  fo rm  b o th  s t a b l e  

and  u n s t a b l e  p a i r s s These e f f e c t s 3 and  s i m i l a r  e f f e c t s  o f  p h e n e th y l  

a l c o h o l 3 have  b e e n  t r a c e d  t o  t h e i r  a c t i o n  on d o n o r - s p e c i f i c - s u r f a c e  

s t r u c t u r e s  known a s  E - p i l i®  The i n h i b i t i o n  o f  gene- t r a n s f e r  b y 't h e  

m a l e - s p e c i f i c  b a c te r io p h a g e  MS-23 w h ic h  i s  b e l i e v e d  t o  a t t a c k  th e  donor 

c e l l  v i a  i t s  F - p i l i ,  s u p p o r t s  th e  i d e a  t h a t  t h e s e  p i l l  a r e  t h e  c o r r i ­

d o rs ,, o r  V e h ic le s 3 o f  t r a n s f e r e F i n a l l y ,  an  e x a m in a tio n  o f  t h e  a v a i l ­

a b le  e x p e r im e n ta l  e v id e n c e  s u g g e s t s  t h a t  t r a n s f e r  may, i n  f a c t ,  b e  

d r iv e n  by  p r o c e s s e s  a s s o c i a t e d  w i th  F - p i l i  m e ta b o lism .
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